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SUBMARINE RESCUE AND ESCAPE 


COMMANDER HARRY J. ALVIS (MC), U.S.N. 


PREFACE CONCERNING SUBMARINE RESCUE 

T IS NOT always understood that a submerged submarine has an airtight hull 

and that the barometric pressure in the vessel is the same, or very nearly the 
same, as the barometric pressure at sea level. For safety, all the hatches through 
which men can pass open against the sea pressure outside. When a submarine has 
been disabled and has settled to the bottom of the sea, there are various ways in 
which the men may be rescued. In the case of small vessels in shallow waters it 
has sometimes been possible to hoist them to the surface by the use of cranes. Full- 
sized submarines, with several men in their crew, are too large for such operations. 
The United States Navy has a rescue-chamber device which, in favorable circum- 
stances, may be lowered to the deck of the submarine, an airtight seal made, and 
the men removed from the submarine in small groups. Thirty-three men were thus 
rescued from the U.S. S. Squalus in four trips by the rescue chamber. This cham- 
ber is a two-compartment device with the men riding in the upper compartment. 
This compartment receives air from the surface and vents it back to the sur- 
face. There is little or no increase of pressure in this compartment. When 
centered over the hatch on the deck of a submarine, the rescue chamber is held in 
place by the surrounding water pressure. Men in the submarine may pass up into 
the rescue chamber and be removed to the surface without ever being exposed to 
increased air pressure. 

When it is impossible for the men to blow ballast tanks and bring their boat to 
the surface themselves, when the boat is too large to be lifted, or when circumstances 
preclude use of the rescue chamber, the men must make individual escapes. These 
may be made by means of the Submarine Escape Appliance (S. FE. A.) or the 
method spoken of in the Submarine Force as free escape. 

Every Navy having a Submarine Force has some form of escape appliance. The 
S. FE. A. of the United States Navy was developed by C. B. Momsen (then 
Lieutenant, now Rear Admiral, U.S. N., currently Commander, Submarine Force, 


lacitic Fleet) and his associates. It 1s essentially a closed system rebreathing bag, 


with a CO,-absorbent canister in the inhalation side of the cycle. It is intended to be 


charged with oxygen before the start of the ascent. The British Navy uses an appli- 
ance which has a small oxygen flask attached for charging the unit. The German 

This article has been released for publication by the Division of Publications of the Bureau 
of Medicine and Surgery of the United States Navy. The opinions and views set forth are those 


of the writer and are not to be construed as reflecting the policies of the Navy Department 


4 
‘ 
whe 
ae 
Pha 
: 
i 
2 
293 


204 INDUSTRIAL HYGIENI IND OCCUPATIONAL MEDICINE 


Navy had a somewhat similar unit intended for multiple use as a life preserver, 
shallow-water-diving outfit, and submarine-escape appliance, constructed by the 
Draeger Werke, of Lubeck. It had an oxygen flask attached 

Before any individual escape can be made, it is necessary to equalize the pressure 
inside the boat with the sea pressure outside. Otherwise, it would not be possible 
to open the hatch against the pressure of the sea. There are various arrangements 
for individual escape. Some compartments of the ship have a small closet-like com- 
partment that will hold three or four men. When this arrangement is available, it 
can be flooded down rapidly, and the small group make their escape without expos- 
ing the large group to increased pressure. Some other spaces require that the entire 
compartment of the ship be flooded and all those present in the compartment leave 
the ship one after the other. Since this may be a group as large as 30 to 40 men, 
itis evident that the last man out has a much longer exposure to increased pressure 
than the first man out, 

The following two papers discuss certain aspects of making individual escapes 
from a sunken submarine. The first is concerned with use of the S. E. A., and the 
second deseribes how to make a free escape. They were distributed in mimeographed 
form and with shghtly ditterent phraseology from the Medical Research Laboratory, 
Submarine Base, New London, Conn., as Reports No. 184 and 185 under Bureau 
of Medicine and Surgery, Navy Department Research Project NM 002015 for 
mstructional use by men of the Submarine Force. 


1. THEORETICAL CONSIDERATIONS OF THE USE OF THE AIR-FILLED SUBMARINE 
ESCAPE APPLIANCE FROM GREAT DEPTHS 

escape from submarines poses a variety of problems, including oxygen toxicity 
(convulsions), insufficient oxygen to breathe during the ascent (hypoxia), decom- 
pression sickness (bends), nitrogen narcosis, equalization of pressure changes, 
carbon dioxide toxicity, and ettects of other noxious gases. 

The individual Submarine Escape Appliance offers an ingenious solution by pro- 
viding a reservoir of oxygen to breathe during the ascent and, by drawing the gas 
mixture as it is inhaled through a carbon dioxide absorbent, minimizing the effect 
of the carbon dioxide exhaled into the reservoir. The use of oxygen in the S. E. A. 
has introduced a hazard (oxygen toxicity) which still deties adequate solution. 


OXYGEN TOXICITY 
(oxygen toxicity (producing convulsions) is a hazard encountered when breath- 
ing high partial pressures of oxygen. Theoretical considerations indicate that oxygen 
toxicity should follow a time-concentration relationship. Observations indicate a 


wide range of individual susceptibility from day to day and between different persons. 


In addition, the presence of increased carbon dioxide favors the earlier onset ot 
symptoms. Practical diving experience has shown that breathing oxygen at 60 ft. 
(18 meters) beneath sea level, as a stage of decompression, gives an undesirable 
incidence of toxic symptoms. This was the case when the diver was simply resting 
in his suit. Doing work during this period was found to favor the onset of symp- 
toms. As a result, the use of oxygen breathing during decompression from dives 
made while breathing helium-oxygen mixtures was moved up to 50 ft. (15 meters ). 
Tolerance to breathing oxygen has been fairly well defined for depths less than 100 
it. (30 meters) 
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Despite a large amount of research by numerous investigators, it has not yet 
been possible to construct an acceptable time-concentration curve for this problem. 
From the standpoint of submarine escape problems it has been amply demonstrated 
that men in a chamber at 100 ft. beneath the sea can don the S. E. A. filled with 
oxygen and make an escape to the surface. In this case the first few breaths mixes 
the ©, in the S. E. A. with the air in the lungs having a reduced oxygen content, 
and any exposure to 100% ©, is very brief. It is not possible to describe with any 
contidence what might happen in such escapes from great depths. 

It should be recorded that during the early development of the S. FE. A., 
Momsen and an assistant, Ed Kolinoski, did make escapes from the S-4 at a 
depth of 206 ft. (63 meters), using an oxygen-filled apparatus. It was the beliet 
that these exceptionally well-indoctrinated persons could have made escapes from 
300 it. Such attempts would have been made had the test depth of the vessel per- 
mitted such trials. Various limiting factors will be described later. 

The oxygen toxicity problem has aroused renewed interest in the possibility of 
making escapes from greater depths by using the S. E. A. filled with air. It is 
possible to detine the limitations posed by this problem with greater accuracy, 
because it has a close correlation with the problems of deep-sea diving made while 
breathing compressed air. 

NITROGEN NARCOSIS 


Deep-sea diving while breathing compressed air has demonstrated that most 
individuals have an appreciable impairment of mental clarity at a depth of 200 
ft. This narcotic effect of compressed air has been ascribed to the nitrogen content. 
It has been described as comparable to alcoholic intoxication in that each 100 it. 
of depth has about the same effect as a strong alcoholic cocktail. At 100 ft. not 
infrequently there is a decrease of mental acuity and judgment is impaired. At 300 
it. few persons can be depended on for accurate observations, logical deductions, 
or reliable responses. The experience of deep-sea diving is that nitrogen narcosis 
limits effective work somewhere between 200 and 300 ft. for all but the most experi- 
enced. The presence of increased amounts of carbon dioxide accentuates the effects 
of nitrogen. Thus it is seen from this experience that any escape made while breath- 
ing air probably will be limited to somewhere between 200 and 300 ft. by the 
inability of a person to cope with the complexity of the problem. 


HYPOXIA 


It is necessary to know from what depth one may make an escape using the 
S. E. A. filled with air and still have sufficient oxygen to last the escapee long 
enough for him to reach the surface. There are some data available which contribute 
to this question. 

A limited amount of data is available on the duration of breathing from an air- 
filled S. E. A. at sea level and at 99 ft. (pressure depth) with terminal Oy and CO. 
values. Since specific data concerning individual vital capacities were not available, 
an assumption was constructed as follows : 


Vital capacity of subject 3,500 ml. 
Capacity of S.E.A. (measured) 4.500 ml. 
Total 8,000 ml. 
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t respiratory evcle wall reduce this total by the volume of a full exhalation. 


\ i here is assumed to be 1,000 ml. because the re spirations are voluntary rather 


than involuntary and « perate against some resistance in the system. Thus the svstem 


set up by the vital capacity and the S. KE. A. after the first exhalation would have 
volume of 7,000 ml. It was assumed that the lungs were filled with air having 
20.9% Os. This would not be exactly correct, but in an emergency we may assume 


ome hy entilation and a reasonably close approach to this state 


Consumption in 
Terms of MI. Sec 
at Surface 


Time in See 


Consumption in 
Terms of MI. See 
at Surtace 
— Terminal Oy 

Time in Sec 


use of this concept and the data available, an oxygen consumption of 4.98 

eat 9% it. and 6.60 ml./sec. at sea level is indicated in Tables 1 and 2. No 
attempt is made to imterpret these figures. They were determined by analysis and 
ire accepted as an indication of the order of magnitude of oxygen consumption when 


breathing from the S. FE. A Inspection of column 4 in Tables 1 and 2 indicates 


7.9 ml. Os/sec. under the two conditions. It is assumed that 


Is a tur average and that doubling it would provide: an adequate 
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(xygen is lost from the S. be. A.-lung system by two routes: venting ott of 
excess pressure during the ascent, and oxygen consumption by the man. .\ graphic 
solution of this problem is presented in the Chart. Line A represents the oxygen 
loss due to venting alone in ascending from 250 ft. to the surface as expressed in 
terms of oxygen at the surface. Line B represents the oxygen loss from the system 
due to venting plus the oxygen consumed (at the rate of 12 ml./sec.) during an 
ascent from 250 ft. (at a rate of 2 ft./sec.). It will be noted that the oxvgen content 
indicated by line B crosses the 10% level when the man is 17 ft. (8 or 9 seconds ) 


from the surface. This is regarded as acceptable, since the man will so soon be able 
to breathe fresh air. 
From these considerations it is seen that escape from 250 it. using an air-filled 


S. E. A. without undue hazard of hypoxia is a better than fair possibility 


DECOMPRESSION SICKNESS (BENDS) 
The hazard of decompression sickness may now be considered. In the early 


usage of the S. E. A. it was the accepted procedure to have knots in the ascending 


Time from surface in seconds 
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4 
250 200 
Feet from surface 


Oxygen loss from S.E lung system during ascent from 250 ft. (expressed in terms ot 
surface equivalents). Assumptions ; O. consumption, 12 ml./sec.; ascent rate, 2 ft./sec.; volume 
of system, 7,000 ml, 


line at 10-ft, intervals and to have the escapee stop at each knot for a number of 
breaths. By this means, in addition to the effect of breathing a high oxygen concen 
tration, a measure of decompression was obtained. The use of knots has been 
eliminated in more recent escape-training practice. It is now preferred to concen 
trate on the speed of execution and, by reducing the time of exposure to increased 
pressure, to minimize the need for decompression. In considering this aspect of the 
problem, the deep-sea-diving experience may again be utilized. 

There are indications from the aspects of nitrogen narcosis and the possibility 
of hypoxia that escapes with use of an air-filled S. Ee. A. may be made trom depths 
as great as 250 ft., but they are limited by beth factors at about this level. By 
assuming a rate of flooding down of 100 ft./min., a period of four minutes while 
sending up the buoy, charging the S. EF. .\.. and preparing to escape, and an ascent 
rate of 2 ft./sec., it is possible to examine theoretically the hazard of decom 
pression sickness. 

Decompression tables have been developed on the concept that different tissues 
of the body absorb gas at different rates. A theoretical construction of tissues having 
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various times indicating half saturation has been established. This concept was the 

basis for the early diving tables indicating decompression by stages. In this concept , 
the theoretical 5-minute-tissue will be half saturated within 5 minutes, the 10-minute- 
tissue will be half saturated within 10 minutes, etc. Man at the surface is exposed 
to an absolute pressure depth of 33 ft. At 66 ft. below the surface he is exposed to 
an absolute pressure depth of 99 ft. Then, if a man could be instantly transported 
from the surface to 66 ft. below the surface and held there for 5 minutes, his 
5-minute-tissue would be saturated to 50% of the pressure difference (99 33), 


or 33 tt. deeper than he was at the surface. At the end of 5 minutes his 5-minute- 
tissue would be saturated equivalent to 66 it. absolute depth. If held at 66 ft. below 
the surface for an indefinitely long period, all his tissues would be saturated to that 
depth (66 ft. below the surface), the same as 99 ft. absolute pressure depth. 


Panty 3—TJissue Saturation for Escape trom 250 Ft. Using Air-Filled Submarine 


ape 4 ‘ 


Assumptions. deseent rate, 100 ft. min.; time on bottom, 4 min.; ascent rate, 2 ft. and 
Saturation ratio, 


Descent On the Bottom Ascent 

Time (min.) 2.5 4 2.3 

Abs. depth at beginning of period 3 PRS 283 

» Minute-Tissue 

| sat. in this period 0.29 0425 0.242 
Pressure difference +125 +24 

Saturation difference + 26 +91 16 

Abs. tissue sat. at end of period ou ino 44 


10-Minute-Tissue 


sat. in this period 0.158 0.242 0.129 
Pressure difference +125 +230 38 
Saturation difference +6 5 
Abs. tissue sat. at end of period Si 109 104 


Minute-Tissue 


sat. in this period 0.082 0.129 0.006 
Pressure difference +125 +240 21 
Saturation difference +10 +31 1 
Abs. tissue sat. at end of period 43 74 73 


"U.S. Navy Decompression Tables (1948) allow higher ratios for some tissues. This is done as a caleu- 
lated risk for earefully eontrolled conditions . 


Observations of practical diving experience indicate that when the saturation 
of the tissues is greater than twice as much as the ambient pressure bubbles may 
iorm. In other words, decompression sickness (diver’s bends) is more likely to 
occur when the tissue saturation is more than twice the ambient pressure than when 
itis less than twice as much. Practical experience has shown this to be a conserva- 
tive concept for the rapidly saturating tissues. Since the exposure time during a 
submarine escape would be short, only the more rapidly saturating tissues need be 
considered, This is done in Table 3. 

Here it is shown that on reaching the surface at the end of the ascent the 
absolute saturation of the 5-minute-tissue is equivalent to 144 ft., that of the 
1O-minute-tissue ts equivalent to 104 ft.. and that of the 20-minute-tissue is equiva- 
lent to 73 ft. The absolute depth of a man at sea level is 33 ft. (1 atmosphere ). 
Pwice the sea-level absolute depth is 66 it. Since both the 5- and the 10-minute- 
tissues are saturated beyond 66 ft. when a man reaches the surface, it may be antici- 


pated that bends will occur in some cases. There is no way of predicting what 
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percentage or which men will be involved or how seriously they will be involved. 
In terms of deep-sea-diving experience, it is a risk which should be avoided if 
possible. On the other hand, since it is a life-saving risk, it is one worth taking, 
because the 2 to 1 ratio is not an absolute level and is a conservative standard for 
these tissues. Current decompression tables allow rates of 4 or 5 to 1 for these 
5- and 10-minute-tissues without unacceptable hazard. Not all persons fit the pattern 
and, even if symptoms of bends occur, they are not necessarily fatal or even seriously 
disabling. 

These calculations allow for four minutes’ exposure to pressure at 250 ft. below 
the surface. This emphasizes the importance of speed and accuracy of execution. The 
shorter the exposure to pressure, the less the tissues are saturated and the less 
the hazard. In a group escape, the first man out has less exposure and less hazard ; 
the last man out has more exposure to pressure and has a greater hazard. 


PRESSURE EQUALIZATION 


Equalization of pressure in the sinuses and the middle ear depends on the patency 
of the natural openings to these cavities. Where these are unobstructed, the pressure 
changes can be equalized by yawning, by swallowing, or, as most people tind neces- 
sary, by holding the nose and straining to increase pressure in the upper respiratory 
passages. In any event, the worst that can happen, if pressure cannot be equalized, 
is the feeling of sharp pain which may last until one reaches the surface. li the 
Eustachian tubes are closed, the ear drums may be ruptured. Stretching the drum 
membranes is painful, but the pain ceases abruptly once the drum ruptures. There is 
no solution to this problem in an emergency. If the person is unable to equalize 
pressure, he must endure the pain for the few minutes that it takes to save his life. 
Once in the chamber and the pressure has been started, there can be no turning 
back. Speed and accuracy ofj;execution are of the essence of a successful escape. 


TOXIC GASES 

Toxic gases which may be present in a submarine are principally carbon dioxide, 
chlorine, and, if there has been a fire, carbon monoxide. Building up the pressure 
by flooding a compartment, until pressure inside is equivalent to the sea pressure 
outside, will increase the partial pressure of each gas present and will also enhance 
the physiological etfect of these gases. The effect of each gas will be increased 
8.6-fold at 250 ft. If there is as much as 0.6% ( Os in the boat before pressure 1s 
built up by letting in water, the effect at 250 ft. will be that of 5% COs This is 
definitely undesirable, although not necessarily fatal 

The effect of toxic gases absorbed through the lungs may be avoided by wearing 
the S. E. A. inflated with air from the compressed-air banks during the flooding 
down period. This will require reinflation of the S. E. .\.. as the increasing pressure 
decreases the volume. Before starting for the surface, the S. E. A. should be flushed 
with fresh air through three or four respiratory cycles so as to fill the lungs as well 
as the bag of the S. FE. A. with fresh air. 

This maneuver would be executed as follows: Upon entering the chamber after 
the lower hatch has been secured and before the start of the flooding-down process, 
each man would don and fill his S. FE. A. with air from the banks (presumably this 
air would be free of toxic gases). Then, as the chamber was flooded down, he 
would recharge the S. E. A. so as to maintain a volume large enough to permit 
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iree breathing. After the pressure in the chamber has been equalized with the 
pressure outside, it would be well for each man, before commencing the ascent, to 
flush the S. Ee. A. by filling the bag from the banks during three or four deep 
breaths, allowing the excess air to vent off through the flutter valve. This would 
serve to flush out any CO , accumulated in the bag during the descent phase and 
would fill the lungs and the bag of the S. E. A. with fresh air from the banks. This 
maneuver ts not as simple as it may sound, because it will have to be done while the 
pressure is being built up rapidly and, in the case of gases irritant to the eyes, while 
pressure im the goggles is being equalized. (The escape outfit includes a pair of 
ggles having a small absorbent canister and a valve for equalizing pressure 
changes. ) 


vo 

\Ithough the air compressed in the banks may contain. oil vapors and other 
possible contamimants, this air has to pass through the canister containing the CO, 
absorbent as it is inhaled. This acts as a filter as well as an absorbent. No data are 
at hand to indicate just how much or what hazard may arise from this source. 

Phe S. be. A. filled with oxygen should not be worn during the flooding-down 
period of any escape from depths beyond 60 ft., as this extends the duration of the 
exposure to oxygen and increases the prospects of developing oxygen toxicity 
Sviniptoms 


Wearing the S. Ee. A. filled with oxygen or air will not overcome the effects of 


irritating smoke, fumes, or chlorine in the eves. The goggles, snugly adjusted to the 


lace, may be worn during the flooding-down period, but it will be necessary to 
equalize the pressure by depressing the valve over the forehead if the “diver’s 
squeeze” effect is to be avoided 

Nore.—Since this paper was prepared, it has been learned that the Experimental Diving 
Unit is conducting experiments which will test theoretical concepts expressed in this report. 


Il. FREE ESCAPE FROM SUBMARINE 
INTRODUCTION 


Free escape, that is, escape from a sunken submarine without the use of any 
breathing apparatus, is taught at the Escape Training Tank, Submarine Base, New 
London, Conn., as an emergency alternative to the use of the S. E, A. (sometimes 
relerred to as the “lung”). For several vears past. the instructors at the escape 
lraiming Tank have employed this technique in their work so that it is common- 
place with them 

Interest in this method of escape became more active after World War Il. The 
british Submarine lescape Committee, in an extensive study of submarine disasters 
reported in 1946, found that records were available of 506 men who survived the 
sinking of their submarine, Of this number, 111 were rescued by salvage operations, 
which raised the submarine, or by use of the submarine rescue chamber (33 men 
from the Squalus). Ot the remaining 395 men who were alive when their submarine 
settled on the bottom, 253 apparently did not get out of the submarine and were 
lost. OF the 142 men who are known to have attempted to make an individual 
escape, 106 were successtul. The stories of these survivors are not clear, and analysis 
is difheult. However, it appears that for every two successful escapes in which an 
escape apparatus was correctly used there were three successful escapes without 
any apparatus at all, or with the apparatus so misused as to amount to making a free 


escape. Exact figures on this point are not available. 
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On Aug. 19, 1946, a program of investigating methods of teaching free escape 
was started at the Escape Training Tank in New London. By July 1, 1951, more 
than 2,000 persons had received some training in free escape. These trainees had 
made a total of more than 7,500 free escapes from various depths, including 2,244 
from 50 ft. and 411 from 100 ft. 


THEORETICAL 


BACKGROUND 


The theory of free escape is simply this: If the weight of the water displaced 
by a body is greater than the weight of the body, the body has positive buoyancy 
and will rise to the surface from any depth. In humans this depends a great deal 
on the capacity of the lungs and the amount of fat on the body. Many people have 
positive buoyancy and will float with their lungs tilled but will sink if they exhale 
the air in their lungs. When they exhale, they decrease their size and the weight 
for each unit of volume becomes greater. When this weight per unit of volume 
becomes greater than that of water, the body has negative buoyvaney and will sink 
like a stone. 


In practice it has been observed at the escape training tank that 3 to 4% of 


the trainees have negative buoyancy. It may be that these men had a heavy bony 


structure and very little fat that accounted for their negative buoyancy. I[t is more 


likely that most of them did not take their maximum inspiration and as a result 


did not have their maximum displacement. 


If a man has positive buoyancy at the surface, when he fills his lungs to the 


same extent at any given depth he will also have positive buoyancy regardless 


of the depth. 


ELEMENTS IN THE TECHNIQUE OF FREE ASCENT 


The factors concerned in deciding when and how escape from a submarine 


should be made will not be considered here. Instead, it will, be considered that 


the decision has been made, that the free-escape method has been chosen, and that, 


all preparations having been made, the compartment has been flooded until pressure 


inside is equalized with sea pressure. 


The use of goggles is optional. Local conditions will often be such that they 


will not appreciably improve underwater vision. Since free escape is taught as an 
optional or alternative method te the use of the S. E. A., it is probable that often 


it will be used in circumstances when goggles are not at hand. In any case, if 


. goggles are used, they should not be worn over the eves during the flooding down 


of the compartment. To do so would produce a condition comparable to “diver’s 
squeeze” and could cause discomfort and possibly damage to the eyes. If used, 
goggles should be adjusted snugly and quickly after the flooding down is completed. 

In preparation for the actual ascent, the man standing with his head in a 
bubble of compressed air should take the largest breath he can hold. This is not 
done by taking a single gasping inhalation but by taking two or three deliberate 
full inspirations to the maximum extent, allowing the belly wall to bulge out as the 
diaphragm descends. Then the man should get clear of the submarine as quickly 
as possible. 

If the buoy has been streamed or the life-raft package sent up on a line, the 
man should try to come up the line so that he will have the advantage of additional 
buoyant material to sustain him on reaching the surface. Ii a heavy tide or current 
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is running, the line may be streamed in a long slack bight. If the line is slack, no 
tension will be felt above the man, but if he holds onto the line, his buoyancy 
will make it tense below him. The chances of survival and rescue are greater if 
men making escapes remain grouped together rather than being scattered indi- 
vidually. This justifies trying to come up the line and to remain in a group. 
Since underwater vision in these circumstances will probably be poor, it 1s 
desirable that a man come up with one arm extended above his head to fend off 


and to minimize the hazard of striking his head against floating objects. The entry 


of water into the nose may stimulate reflexes which will make proper breath 
control more diffieult. The nose may be sealed off by using a nose clip or by 
pinching it shut with the fingers. If the nose must be held with the fingers, the 
ascending line should run inside the trook of the elbow. 

It is advantageous to streamline the body as much as possible. The proper 
position of the body 1s standing erect, with the legs straight and held together, 
one arm extended above the head, and the ascending line held in the other hand 

roper control of exhalation is the key to success in free escape. Exhaling too 
rapidly reduces the buoyancy and slows the ascent. [exhaling too slowly increases 
the hazard of serious injury to the lung tissue. At any considerable depth, the 
rate of exhalation should at first be very slow, about like blowing through a soda 
straw. \s the man rises through the water, this rate should be increased gradually, 
so that the rate of expansion of the air in the chest 1s compensated and no positive 
pressure ts created in the lungs. 

lf a man finds he is slowing down or has stopped in his ascent, he has lost 
some buoyaney. This is usually due to having exhaled too rapidly, either in- too 
large a stream at first or by having exhaled large bubbles of air. In such a cir 
cumstance he should not thresh about in the water. He should stop exhaling for 
a moment and swim upward with deliberate strong downward sweeping strokes 
fwo or three strong strokes should raise him 6 or 10 ft. in the water, and this 
probably wall be sutherent to restore his buoyancy. This is a eritical point, and 
the escapee must master his fears. He must swim upward until he regains his 
buovaney, and then he must begin to exhale once more. To panic upon discovery 
that buovancy is lost may lead a man to hold his breath and swim to the surface 


This could very readily produce a serious or even fatal injury to the lungs. 


rHE NEGATIVELY BUOYANT MAN 

(he importance of proper exhalation in making a free escape is probably greater 
for aman having negative buovancy. It is only a matter of common sense that a 
nevatively buovant man will trv to take with him as buovant an object as he can 
lav hands on, whether it be a pillow case, upended trousers with knotted cuffs, or 
an upended bucket. The air trapped in one of these will tow him to the surface, 
usually quite rapidly. Since his speed of ascent is likely to be quite rapid, he 
must pay even more attention to the proper manner of exhalation, for his margin 
of safety is less 

\ practical pomt worth mentioning here is that the use of a metallic object, 
such as an upended bucket, tor its positive buovaney 1s not without its hazard. As 
the air vents from beneath such an object, the streaming characteristics are 


disturbed. In approaching the surface, this may cause the object to tumble and 
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strike the man on the head. Or on reaching the surface, the object will stop 
abruptly, and the man will run into it headfirst from below. The speed of ascent 1s 
such that such a blow would, at the least, be unpleasant. 

Developmental work has been done on an inflatable life jacket with spring- 
loaded vents for giving positive buoyancy to any wearer. Since such articles speed 
up the rate of ascent greatly, it probably is advisable to exhale as much as possible 
at the moment of casting loose for the ascent. This may seem a heroic thing to 
do, but it must be remembered that, as a person rises through the water, the air 
in the lungs expands, and it probably will still be necessary to exhale considerable 


air before reaching the surface. 


LIMITATIONS 


AND 


HAZARDS 


OF FREE ESCAPE 
It should be noted that a few successful free escapes have been made from 
depths between 200 and 250 ft. by men who had never received any training. 
However, the narcotic effect of nitrogen described earlier imposes a depth limitation 
on free escape, just as it does on use of the S. E. A. 

Because men cannot be suddenly decompressed with safety from any considerable 
exposure to pressure, the whole procedure must be executed as rapidly as possible, 
once the decision has been made and preparations are completed. It takes some 
time for gases to be absorbed by the body at any depth. The shorter the exposure 
time, the less gas absorbed and the less is the hazard of “bends.” By executing 
the maneuver as quickly as possible, the hazard of “bends” may be minimized. 
“Bends.” or more properly speaking caisson disease, is one of the lesser hazards 
in submarine escape and is obviated by speed of execution. 

The greatest hazard in making a free escape arises from inadequate exhalation 
of air from the lungs. If the man exhales too slowly, positive pressure will be built 
up in the lungs, which may tear the lung tissue and result either in hemorrhage 
into the lungs or in air being forced into the biood stream (air embolism). Cases 
of air embolism have been described from depths as shallow as 10 it., which implies 
a positive pressure of not more than 4.5 lb. per square inch. Laboratory exper 
nents suggest that even less pressure can cause serious injury. As the man 
ascends he should exhale enough so that he never has any feeling of distention 
in his chest. 

Trainees are always concerned with the question of having enough air to reach 
the surface. It must be remembered that as a man rises to the surface the air is 
expanding in his lungs. Even if he does exhale a bit too much, a few strong 
deliberate strokes swimming upward will allow the remaining air to expand and 
fill his chest. Wild threshing about in the water will only exhaust the man and 
retard his ascent. Observation of more than 1,000 trainees indicates that the air 
in the lungs is more than adequate to last a man until he reaches the surface so far 
as oxygen content 1s concerned. 

Loss of sense of direction in dark water is a hazard, particularly to the negatively 
buoyant man. Even aman who can float at the surface may exhale too much air 
and become negatively buoyant. Unless there is enough light to show, or vision 
is sufficiently good to give a reference point, it can become very confusing in the 
water. \ man may think he is going up when he really is sinking. There seems 

to be only one solution to this problem, and that is to take some buovant object 


along. 
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The problem of air vitiation enters into the decision as to attempting an escape. 
Here it is sufficient to point out that the effect of a gas depends on its partial 
pressure and not on its percentage composition in a mixture being breathed. The 


presence of any noxious gases will be enhanced by the increase of pressure im 


the compartment when it is flooded down. The presence of increased COs or of 
Irritating smoke or gas (such as chlorine) means that it will be difficult, if not 
impossible, to control the breath properly. The air must be in the best possible 


state before starting to flood down. Some depletion of oxygen will be compensated 
by the ine reased etlectiveness of the increased partial pressure, but the undesirable 
effects of accumulated CO. will be enhanced. 


SUMMARY 

The following are the essentials of free escape technique : 

1. Any man who can float at the surface has positive buoyancy and can float 
to the surtace from any depth if his lungs are filled to the same extent. Men who 
cannot float at the surface have negative buoyancy and will need to use some 
additional buoyant object to bring them to the surface. 


2. Goggles are not essential to free escape. Although contributing somewhat 
to comfort, they frequently will not improve. vision appreciably under practical 
conditions. If used, they should not be worn over the eves while a compartment 
is being flooded down. 

3. It is desirable to seal off the nose with a nose chip or by pinching it shut 
with the fingers 

}. It is advantageous to escape, survival, and rescue if all escapees come up 
an ascending line attached to a buoyant object and if they remain in a group. 

5. Proper control of the breath is the key to a successful free escape. The air 
in the lungs must be exhaled slowly at first and then with steadily increasing volume 
to avoid building up positive pressure in the lungs. exhaling too rapidly slows the 
rate of ascent. Exhaling too slowly may cause excess pressure to rupture the lung 
tissue. It is safer to err on the side of exhaling too rapidly, because lost buoyvaney 
can be restored by holding the breath and swimming up for a few strokes. 

6. The proper position for free escape is body erect, legs straight and held 
together, one arm extended above the head. the ascending line in the opposite 
hand or in the crook of the opposite arm. 
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SULFURIC ACID MIST BY 


MARY O. AMDUR, Ph.D. 
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PHILIP DRINKER, Ch.E., Sc.D. 
BOSTON 


HUMAN SUBJECTS 


INHALATION OF 


PREVIOUS communication from our laboratory’ reported the results of 


studies on the toxicity of sulfuric acid mist in which the guinea pig was used 


as an experimental animal. The present paper presents the results of studies of 


the respiratory response of normal human subjects to the inhalation of sulfuric acid 


mist. The tests made included determination of the per cent retention of inhaled 


acid, of the level at which the acid was detected by most persons, and of the pattern 


of respiration as studied with the pneumotachograph. The concentrations used in 


this work ranged from 0.35 to 5 mg. per cubic meter (mg./m.*). The exposure 


times were from 5 to 15 minutes. 


EXPERIMENTAL 


PROCEDURE 


The method of generating sulfuric acid mist was the same as that used previously.!. Com- 
pressed air swept the vapors from an electrically heated flask containing concentrated sulfuric 


acid into the main air stream which entered a 2-cu.-it. lucite® mixing chamber. 


For determination of the concentration of sulfuric acid mist in the mixing chamber, a 


sample of air was passed through an electrostatic precipitator. The acid thus collected was 


rinsed into a conductivity cell previously calibrated with standard sulfuric acid 


The subjects were at rest during all experiments and breathed through a face mask \ 


large wooden panel hid the apparatus from their view. A slide valve mounted on the back 


. of the panel connected the mask to the mixing chamber so that they could not tell when the 
acid mist exposures began. 
The per cent retention of inhaled sulfuric acid was determined by measuring the total 
. volume of air breathed, the concentration in the mixing chamber, and the concentration in 


exhaled air. All these experimental inhalations were of comparatively short duration, and j 


the total quantity of acid mist exhaled was always small. It could not be collected and 


estimated reliably by an electrostatic precipitator, as the latter, in small samples collected at 


low gas flows,? induces per se increased acidity and hence conductivity This factor does 


not assume importance in sampling from the mixing chamber, since samples of any desired 


size may then be taken at uniform flow rate, thus rendering the blank insignificant. 


From the Department of Industrial Hygiene, Harvard University School of Public Health. 
Read at the Thirteenth Annual Meeting of the American Industrial Hygiene Association, 
Cincinnati, April 23, 1952. 

1. Amdur, M. ©.; Schulz, R. Z., and Drinker, P.: The Toxicity of Sulfuric Acid Mist 
to Guinea Pigs, A. M. A. Arch. Indust. Hyg. 5:318-329, 1952 

2. Drinker, P.; Hazard, W. G., and Ishikawa, 17 \lternating Current Precipitators for 


Sanitary Air Analysis: Acid Formation in Electric Precipitation, J. Indust. Hyg. & Toxicol 


14: 364-370, 1932. 
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Therefore, the acid mist in aliquot portions of exhaled air was collected on molecular filter 


papers * made of nitrocellulose polymers of very uniform and very small pore size.* The 
papers used were about 5 cm. in diameter, had a very high resistance to air flow, and were 


supported on porous carborundum discs. Sampling was done continuously at a rate of 2 


liters per minute from the exhaled air stream before it entered the spirometer. The mist 
thus caught was removed by soaking the paper in a known volume of distilled water and then 


determining the acid by conductivity. The papers had no conductivity themselves and were 


fully as efficient for mist collection as was the precipitator. 


The effect of the acid mist on respiration was studied by means of a pneumotachograph,® 


a device for instantaneous recording of air flow during breathing 
wire screen mounted in a face mask 


It consists of a fine monel® 
The screen measures air movement by measuring the 
velocity of air (and volume) through the screen by pressure loss or resistance of the screen 


which as linear with flow rhe pressure corresponding te 


membrane whose movement is transmitted to an electrical recording device. From the direct 


tracing of the whole breathing pattern, inspiratory and 


the flow is measured by a thin 


expiratory flow rates and other 
breathing characteristics can be obtained 


RESULTS 


Twenty-two determinations of retention of inhaled acid mist gave an average 
value of 77%. Of these, 10 were 80 to 87%, & were 65 to 75%. 
to 60%. 


and 5 were 50 
Three of the four values between 50 and 60% were obtained on one 
particular subject. The exposure concentrations were from 04 to 1 mg./m., 
Within this range, per cent retention was not affected by concentration. Beyond 
the average figure of 77% and the range of 50 to 87%, nothing conclusive regard- 
ing the retention of sulfuric acid can be stated from our data 

No direct conclusions can be drawn as to the per cent of retained acid which 
reached the alveoli and the per cent removed in the upper respiratory tract. We 
know, however, that the mist particle size averaged 1». Wilson and LaMer ® have 
shown that particles of this size can penetrate to the alveol. According to these 
workers, maximum “alveolar retention” is on the order of 45%. 

With guinea pigs breathing sulfuric acid in this particle-size range, marked 
pulmonary pathology resulted, suggesting penetration to the alveoli. Accurate 
evaluation of this penetration could: best be obtained by the use of radioactively 
tagged sulfuric acid in further animal experiments. 

Ihe relatively high retention figures are not surprising, since sulfuric acid 
droplets have a strong affinity for moist surfaces, such as would be encountered in 
the mucous membranes of the respiratory tract. Our figures are in the range of 
those reported by Wilson and LaMer for glycerin aerosols of this particle size. 

In the same paper these authors showed that the retention of inhaled aerosol 
particles decreases with increase of respiration rate. It might then be expected 

3. Millipore filters made by Lovell Chemical Company, Watertown, Mass. 

4. First, M. W., and Silverman, | \ir Sampling with Molecular 
\tomic Energy Industrial Health Meeting, Cincinnati, April 25, 1952, 

5. Silverman, 1... and Whittenberger, J. 1 The Clinical Pneumotachograph, in Methods 
in Medical Research, Vol. 2, edited by J. H. Comroe Jr., Chicago, Year Book Publishers, 
Inc., 1949, pp. 104-112 

6. Wilson, I. B. and LaMer, V. K.: The Retention of Aerosol Particles in’ the Human 


Respiratory Tract as a Function of Particle Radius, J. Indust Hyg. & Toxicol. 30:265-280, 
1948 
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that in the case of men engaged in active work the retention of sulfuric acid mist 
would be much less than that observed in our sedentary experimental subjects. 
Another possible significance of this fact will be referred to later. 

In the determinations of the sensory response to sulfuric acid, we found that 
concentrations below the maximum allowable range * of 1 mg./m.* could not be 
detected by odor, taste, or irritation. For two persons the threshold of detection was 
at 1 mg./m.* This concentration was not detectable by the other subjects. A con- 
centration of 3 mg./m.* was noticed by all. The most general comment was that 
it felt like breathing dusty air. A concentration of 5 mg./m.* was very objectionable 
to some but less so to others. A deep breath at this concentration usually produced 
coughing. 

Our studies with the pneumotachograph showed that in all subjects the inhala- 
tion of sulfuric acid mist caused changes in respiration. This occurs at 0.35 mg./m.* 
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Fig. 1—Effect of sulfuric acid mist on respiration rate and maximum inspiratory and 
expiratory flow rates. 


as well as at 5 mg./m.* At the lower concentrations the subjects were not aware 
of the presence of the acid by any sensory response. Therefore we can only 
conclude that the changes observed are reflex reactions to an irritant stimulant. 
The fact that the apparatus was hidden from the subjects’ view, so that they could 
not tell when the exposure began or ended, ruled out any major psychological 
factor. 

The average of respiratory changes occurring in 15 subjects, 5 at 0.35 mg./m.’, 
5 at 0.4 mg./m.*, and 5 at 0.5 mg./m.*, are shown in Figure 1. Changes in respira- 
tion rate per minute and maximum inspiratory and expiratory air flow are expressed 
as per cent change from control values. Preexposure values for each individual 


7. Threshold Limit Values for 1951 Adopted at Meeting of American Conference of 
Governmental Industrial Hygienists in Atlantic City, N. J., April 1951, A. M. A. Arch. 
Indust. Hyg. 4:398-400, 1951. 
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subject were averaged to give a base line from which to compute per cent change 
These changes at a given time were then averaged to prepare the curve shown 
Phe respiration rate rose at once when the inhalation of acid was started. quite 
steeply at first, then leveling off at about 35% above the control value. When the 
iid exposure was stopped, the respiration rate'dropped back to within 13% above 


the control value by three minutes after the end of the exposure. The inspiratory 


expiratory maximum flow rates fell below the control value, steeply at first, 
leveling off at about 20% below normal. They returned to nearly the previous 

un three minutes after exposure ceased 
igure 2 shows the etfect of sulfuric acid on tidal volume in five subjects breath 
ation of O4 mg./m The curve presents the average values during 


] 


control, exposure, and recovery periods. Tidal volume drops from control 
values of around 900 mi. to about 650 ml. after only two minutes of acid inhala 
tion, This level is maintained throughout the acid exposure. The first minute 
atter the exposure period ended, the tidal volume rises higher than the control and 


then returns to preexposure values 


ACiO EXPOSURE RECOVERY 
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sulfuric acid m on tidal volume 


Phe pattern tor any given exposure followed the same shape as these average 
curves. The obvious control of breathing through the same apparatus with the 
omission of the acid mist was done, and no such changes were observed 

\s has been pointed out previously, retention of inhaled acid mist decreases 
when the respiration rate imereases. It would then appear possible that the more 
rapid, shallower breathing observed is a reflex protective mechanism to prevent 
retention of the acid must 

In some subjects increase in respiratory rate was the predominant response, 

in others shallower breathing was more marked than the change in respira 

In still others a very forced expiration was observed. 

3 shows the pneumotachograph tracing from a subject exposed for 15 
minutes to OS mg./m Phe respiration rate increases from a control value of 
8.9 respirations per minute to 11.3 at the end of 15 minutes’ exposure. This 
tracing al ws an etfect frequently observed, a change in the per cent of the 


occupied by expiration. The total breathing cvcle occupies a shorter 


IND OCCL PATI 
thes 
al 
Va 
| Beg 
i 

4 

= 
1000 
4 
3 800 \ | 
4 

Fie 2 
j 
i 
< 
P 
a 
otal 
oll 


Fig. 3—Pneumotachograph tracing Subject exposed to 0.5) mg./m In this and all 
other tracings shown the portion of the curve above the base line represents inspiration and 
that below represents expiration. 
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Pneumotachograph tracing. Subject exposed to 1 mg 
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Pneumotachograph tracing. Subject exposed to 0.35 mg./m.* 
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Fig, 6.—Pneumotachograph tracing. Subject exposed to 2 mg./m.8 
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time interval, but within this, expiration is prolonged. \n examination of Figure 3 


shows that in the control period expiration occupies 59.6% of the total cycle, 
whereas after 15 minutes of acid inhalation, expiration is 69.3% of the total cycle 
and inspiration only 30.7%. 

The tracing from a person exposed for five minutes to 1 mg./m.* is shown in 
Figure 4+. There is little change in respiration rate or depth of breathing. The main 
response is the very forced expiration which is sometimes observed. 

Figures 5 and 6 at concentrations of 0.35 and 2 mg./m.® show the tracings from 


a subject whose main response is increased respiration rate. In the case of expo- 


Candee! 
Minute = 447 
Q R.PM= jae d 
Minette 
RP M= 12.8 
Cantis 
——_ — < 
Sm 
Fig. 7.—Pneumotachograph tracing. Two subjects exposed to 5 mg./m. 
sure to 0.35 mg./m.° the respiration increases from a control level of 10.6 respira- x 


tions per minute to 11.5 at the end of 3 minutes and to 15.2 at the end of 12 
In the 
the response is more rapid and more marked, and 


minutes. One minute after the end of exposure it has returned to 10.8. 


case of exposure to 2 mg./m. 
the return to normal is slower. Starting from the same control value of 10.6, the 
rate rises to 16.7 respirations per minute in 3 minutes, is 16.3 at 15 minutes, and 
has dropped back only to 12.7 3 minutes after the end of the exposure. The type 
of response in the two cases is the same, but the effect is greater with the higher 
concentration of acid must. 

At this 
level the acid mist was perceptible to all, and so changes which occurred were not 
The response, 


A few studies were made of exposures to concentrations of 5 mg./m.° 


entirely reflex. Some subjects showed a very marked reaction. 
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however, was much more varied in character than that obtained on concentrations 
which could not be detected. The most marked etfect at these concentrations was 
a decrease in minute volume. 


Figure 7 shows the pneumotachograph tracings from two subjects exposed for 


five minutes to 5 mg./m.* The minute volume in both cases is greatly reduced, 
but this effect has been obtained by the two subjects in a different way. The first 
subject shows an increase in respiratory rate accompanied by a marked decrease 
in depth of breathing. The respiration rate has been increased from 9.9 respira- 
tions per minute to 12.2. The minute volume has been decreased from 11.7 to 9.3 
liters per minute. This is the same subject whose response to lower concentra- 
tions has been shown in Figures 5 and 6. At those two concentrations there was 
little change in depth of breathing or minute volume, whereas the decrease in this 
case is very marked. 

The second subject of Figure 7 has also decreased his minute volume. The 
control value of 9.2 fell to 7 liters per minute after five minutes of exposure. In 
his case this has been achieved by a decrease in both respiration rate and amplitude 
of breathing. 

COM MENT 


We always noted marked effects upon respiration in normal men who had 
no regular exposure or adaptation to sulfuric acid. Changes were produced by 
concentrations as low as 0.35 mg./m.* These were of a purely reflex nature, not 
under the control of the subject, since he was unable to detect the presence of the 
acid must 

\s has been pointed out previously, retention of inhaled particles 1s lower when 
the respiration rate is increased. VPossibly, the shallower, more rapid breathing 
which we observed is a reflex protective mechanism to decrease the retention of 
acid mist particles, 

Whether or not the altered breathing would continue over an extended period 
of exposure is a conjecture, the truth of which we have not attempted to determine. 
Several things, however, suggest that for some time at least it would probably 
continue, One evidence for this is shown by the shape of the curves in Figures 
1 and 2. The changes commence at once when the acid exposure starts and reach 
the maximum within the first five minutes; then the curves flatten out, and there 
is no return to control values during acid exposure. The subject apparently reaches 
adjustment with the physiological problem that has been presented to his respira- 
tory svstem 

\nother indirect evidence in favor of the continuation of altered breathing was 
noted earlier in the behavior of our guinea pigs exposed to sulfuric acid mist.! The 
lowest concentrations used were 8 mg./m.* Above that level respiration was very 
rapid and labored. This type of respiration commenced soon after the acid mist 
entered the exposure chamber and continued an hour or so after the animals had 
heen removed, In 72-hour exposures, the more sensitive animals died from laryngeal 
spasm within the first 8 hours, and the survivors continued labored breathing for 
the full exposure period. In a 72-hour period at least, the guinea pigs showed no 
return to normal breathing. 

It seems most unlikely that the changes we noted for sulfuric acid mist are 
peculiar to this substance. Work is in progress to determine effects from a few 
other common irritants when breathed at subsensory levels. 
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It is to be noted that all our subjects were healthy men of various ages. We 
have made no studies on asthmatics, on persons with cardiac disease, or on any 


other persons somewhat below par, and we know of no convincing analogue in 


animal experimentation to the aging patients with asthma or cardiac disease. It 
is these groups to which the acute smog incidents of the past, those in the Meuse 
Valley in Belgium and at Donora, Pa., pointed especially. 


SUMMARY 


Normal human subjects inhaled concentrations of sulfuric acid mist from 0.35 
to 5 mg./m.* The retention of inhaled sulfuric acid averaged 77%. In all subjects 
changes in respiration were observed and measured by pneumotachograph. The 
changes were of a reflex nature and were indicative of shallower and more rapid 
breathing. At concentrations of 5 mg./m.*, levels at which the acid mist was easily 
detected by all, changes were more pronounced but also more varied in nature. The 
main response at this concentration was a decrease in minute volume. The possible 
significance of these findings is discussed. 
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RESULTS OF A FIVE-YEAR INVESTIGATION OF AIR 
POLLUTION IN CINCINNATI 


J. CHOLAK, Ch.E. 
L. J. SCHAFER, 
AND 


R. F. HOFFER, BS. 
CINCINNATI 


A PROGRAM initiated in 1946 to measure the quantities of particulate matter 
4 and especially the quantities of lead in the atmosphere was gradually 
expanded, as opportunity was afforded, into a program for investigating certain 
more general characteristics of the air pollution of Cincinnati. The work was spon 
sored largely by industry as part of a long-term investigation of the occurrence and 
the physiological significance of lead in the human environment. Two grants of 
funds by the United States Public Health Service aided in financing the work for 
24 months during the years 1947-1950. 


In the mitial stages of this work 12 sampling stations were selected with respect 


to prevailing wind direction, industrial and commercial activity, density of popula- 
tion, density of trafhe, and altitude. At each of these stations samples of suspended 
matter were collected by an electrostatic precipitator and were analyzed gravimetri- 
cally, spectrographically, and chemically to determine the total quantities and the 
composition of the particulate matter suspended in the atmosphere. Although the 
mutial purpose was to obtain information on the quantities of respirable lead in vari- 
ous sections of a characteristic American city and to establish eventually the major 
sources of such lead, the need for other basic quantitative data on the nature of the 
atmosphere of an industrial community led to a gradual widening of the scope of the 
investigation, During the course of observations carried on continually in the Cin- 
cinnati area from 1946 through 1951, careful consideration was given to the selection 
and development of suitable analytical methods. Methods for collecting and ana- 
lwzing the solids in the urban atmosphere have been described elsewhere.' The 
procedures which were used to collect and determine the gaseous atmospheric pol- 
lutants will also be deseribed in a separate report. This report, therefore, is con- 
cerned with the nature and quantities of some of the commoner materials which 
were found to be present in the atmosphere. 


PROCEDURES 


Samples were obtained from 12 to 18 fixed stations during three or four days of each month 

during the period November, 1946, through October, 1951. Sampling days were selected accord- 

From the Kettering Laboratory, Department of Preventive Medicine and Industrial Health, 
University of Cincinnati College of Medicine 

Read before the Air Pollution Division at the Thirteenth Annual Meeting of the American 
Industrial Hygiene Association Cincinnati, April 24, 1952 

1. Cholak, J.; Schafer, L. J.. and Hoffer, R. F.: Collection and Analysis of Solids in Urban 
Atmospheres, Arch. Indust. Hyg. and Occup. Med. 2:443, 1950. 
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ing to the convenience of the field crew and without regard to the various factors which might 
influence the concentration of the air pollutants. Sampling at the widely separated sites was 
accomplished by employing standard air-sampling devices, transported to the sites in a I-ton 
Dodge route-van especially equipped as a mobile laboratory. A 1.5 kw. motor generator set 
provided sufficient power to operate two electrostatic precipitators and four impingers at the 
same time. By the use of this mobile laboratory, samples could be collected conveniently each 
day at five or six widely separated sampling sites. 
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Fig. 1—Map showing locations of sampling stations used in the investigation of air pollu- 
tion in Cincinnati. 


The stations selected for sampling are shown by the circled numbers in Figure 1. Although 
it is possible to detect a great variety of foreign materials in the urban atmosphere by means 
of appropriate sampling and analytical techniques, the chief attention was given to measuring 
the quantities of particulate matter, sulfur dioxide, fluorides, chlorides, oxides of nitrogen, 
aldehydes, ammonia, carbon dioxide, and carbon monoxide. Particulate matter, sulfur dioxide, 
fluorides, and chlorides were determined from samples collected at most of the stations, while 
the oxides of nitrogen, carbon dioxide, carbon monoxide, ammonia, and aldehydes were deter- 


mined from samples collected at selected points. It was not possible to collect extensive meteor- 
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ological data simultaneously, but certain items of information, such as wet and dry bulb tempera 
tures, relative humidity, and wind direction and velocity at ground level, were collected and 
recorded. Further data gathered systematically related to the number of motor vehicles which 


passed each site during the period represented by the collection of each sample 


OBSERVATIONS 


Settled Dust.—A\n extensive investigation of settled dust was not undertaken, 


since such observations are made systematically by the Bureau of Smoke Inspec- 


Paste | foeerage Ouantities of Settled Dust in Four Sections of Cincinnatt 


Basin of City 


Industrial and 
College Hill Avondale, Commereial, Industrial, 
T. Sq. Mi. Mo T. Sq. Mi. Mo T. Sq. Mi. Mo T. Sq. Mi. Mo 
14s 


14.0 148.0 

40 

14. 
92.7 


A\verane 122.6 
Range 


HO 


Cold months 
4Cool months 
Worm months 


hho 


EAS, 


BN 


Avondale College H 


big. 2.-Relationship between the quantities of settled dust and seasons of year 


tion of the city of Cincinnati. In order to extend the usefulness of these observa 
tions for our Own purposes, however, samples of settled dust, collected at four 
representative stations, were submutted to the Laboratory for independent analysis 
by the Bureau. Table 1 gives the vearly and five-year averages, together with the 
range of quantities of settled dust over the five-vear period, at each station. In 
contornuty with the practice of the Bureau of Smoke Inspection, all values are based 
on the use of the material which was separated from the trapping medium ( water 
plus glycerin) by filtration. Although this procedure fails to depict the absolute 


quantities of the settled dust, because of losses due to the solubility of constituents 
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in the medium, the results show the relative quantities of dust fall at each station. 
The progressive decrease in dust fall which occurred in the city during the period 
1946-1951 is attributed to the use of better fuels, including the increased use of 
natural gas, to improvement in methods of combustion and in combustion equip- 
ment, and to the gradual replacement of a large number of coal-burning switching 
engines and locomotives by diesel-powered units. No small factor in this reduc- 
tion was City Ordinance 90-1947, which became effective as of June 1, 1947. 
It required the use of coal of low volatility in hand-fired units. Figure 2 shows the 
seasonal variations in the quantities of dust fall. Since coal is the common domestic 
heating fuel of the area, the increased dust fall during the cold months was to be 


expected. The partial composition of the insoluble matter is illustrated by the data 


Parte 2.—Quantities of a Number of Pollutants Present in Insoluble Portion of Settled Dust* 


Material Average, % Range, 


Manganese 
Lead 

Tin 

fron 
Aluminum 
Copper 
Silver 


O.01-0.78 
O.O1L-17 
006-288 
0.04-7.15 


Vanadium 0.005 Trace 
Titanium 0.145 0005-2. 30 
Zine 0.088 0.001-0. 485 
SiOe (free 4.3 045-106 


* Approximately 300 samples were collected during the period 1946-1951 


Tastt 3.—Quantities of Suspended Matter in the Atmosphere of Various Sections 
of Cincinnati, 1946-195] 


Suspended Matter, sly. Cu. M 


No. of Mean and 
\rea Samples Range Standard Deviation 


Rural (control) LIS (a O08) 
Residential and neighborhood commercial 0.014+-1.8 O18) 
Commercial and industrial 0.0L 1.08 O47 (a 0.25) 
All seetions 0.014 1.48 0.37 te 4) 


in Table 2. Because of probable losses through solubility, the quantities of chlo- 
rides, fluorides, nitrates, and sulfates were not determined. 

Suspended Matter—The mean concentrations and the ranges of concentration 
of suspended matter in the atmosphere of various sections of the city are pre- 
sented in tabular form in Table 3. Like dust fall, the quantities of suspended matter 
in the atmosphere were larger during the cold months than during other seasons. 
although the density of street traffic and the nature of industrial activities con- 
tributed toward increasing the suspended particulate matter in the air. The sea- 
sonal variations and factors relating to vehicular traffic and other activities are 
shown in Figure 3, in which the mean numbers of particles of dust per cubic foot 
of air over the five-year period are charted by individual stations, arranged in 
increasing order of industrial and commercial activity. Vehicular traffic averaged 
from about 7O cars an hour at the rural sampling stations to 1.500 cars an hour at 
Station 13. The conditions at Station 9 included both heavy traffic and extensive 
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industrial activity, while those of Station 11 imvolved a great density of motor 
traffic due to shopping activities in the downtown area. Dust counts were made 
by standard techniques to include only particles less than 5 p» in size. Although 
the distribution of the size of particles was not determined systematically, visual 
observation of the fields revealed very few particles as large as 5 m in diameter, 
the majority being less than 2 p. 


Table 4 compares the mean concentrations of 22 ions found in the suspended 
matter. The concentrations of calctum, manganese, lead, iron, aluminum, beryllium, 
fluoride, sulfate, and chloride in this suspended matter varied according to the 
activity of the neighborhood and also according to the seasons. In the case of 


bervilium it is felt that the mean concentration which characterizes the residential 
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hig. 3.—Relationships among average dust counts, seasons of year, and nature of vehicular 
ind industrial activity at the sampling stations 


area is distorted somewhat because of an undue number of values near the upper 
limit of the range. Most of these high values were obtained during a period when 
the highly sensitive berylhum method was being developed and when the sources of 
adventitious contamination were not appreciated fully. The great majority of the 
samples analyzed subsequently contained less than 0.003 y of beryllium per cubic 
meter of air. Continued sampling will have to be carried out to determine the level 
of the concentration of beryllium more accurately. 

In Figure 4 are charted the average five-vear values for the quantities of lead 
obtained seasonally at the individual stations. Unlike the total amounts of settled 
dust and the concentrations of suspended matter of all kinds in the atmosphere, the 
concentration of this metal was not subject to wide seasonal variations but rather 
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Paste 4+.—Average Quantities of a Number of Pollutants in the Atmosphere of Various 


Sections of Cimcmmnatt, 1946-1951 


No. of Rural, Residential, Industrial, All Areas, 
Material Samples ae. (uM. ag. Cu. M. we. Cu. M. age. Cu. M Range 
‘ 723 19 3.5 44 0.1-25 
Antimony . 2 cece < 02 < 
Beryllium 0.008 0.006 000071006 
Calcium 35 17.0 War OAS 
Iron 719 5.7 o4 14.6 12.5 0.1-110 
Lead... 724 1.2 3.2 2.7 < O1-1L5 
Magnesium 7 < 100 7.0 < 5-<10 
Manganese 719 0.20 0.27 O37 0.0+-9.0 
Mereury oll O07 0.10 
Potassium 34 iso < 3-230 
Silver < 01 < 61 < 01-08 
Sodium < 5.0 0) 
Tin ‘ 713 < 02 < 02 < 63 < 02 < 61-12 
Titanium.. < 10 < 10 < < 10 < 1.020 
Vanadium 141 < 0.2 < 0.2 < 0.2 < 02 < 02-04 
Zine ; 633 1.6 15 2.2 20 O14 
F 17 0.67 O77 1.03 0.98 0.102 40 
11 1.05 3.8 2.7 O.10-8.5 
* Water-soluble 
4 
X ALL SEASONS - } : 
O COLD MONTHS 3 
COOL MONTHS 
WARM MONTH 


9 per Hour 


77 per Hour) 


MICROGRAMS per M° 
T 


RURAL RESIDENTIAL MMERCIAL ond IN TRIE 


STATIONS 


Fig. 4.—Relationships between average concentration of atmospheric lead, and nature of 
vehicular and industrial activity at sampling stations 
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was influenced by the location of the sampling stations. Thus there appears to be a 
positive correlation between the lead concentration and the density of vehicular 
traffic, while a much more obvious relatively high level of concentration was asso 
ciated with the industrial activity of the city, much the highest concentration being 
obtamed at Station 12, near a large brass foundry and lead-recovery plant. 

Of considerable interest and significance are changes in the concentration of lead 
found in the atmosphere from time to time during the five-year period. The lead 
concentration in the atmosphere decreased significantly between 1941, when obser- 
vations were made over a comparatively short period.’ and 1946-1947, the first 
complete year of the five-year period of investigation, as may be seen from Table 5. 


Taste 5.—I"ariations in the Average Concentrations of Lead in the Atmosphere of 
Sections of Cincinnati 


Lead, we Cu. M. Air 


Year Rural Residential Industrial All 
1946-1047 Os 2.3 41 3.0 
7-148. . di 0.95 16 3.4 2.7 
148-149 1.3 17 3.6 2. 
149-1900), 1.3 3.5 2.5 
195) 1951 12 2.5 3.0 2.6 
Five-year 11 1.4 3.5 2.7 
No. of samples. .......... 87 266 381 724 


ABLE 6.— Average Concentrations of Total Sulfur as Sulfur Dioxide in the Atmosphere 
of Various Sections of Cincinnati 


Sultur Dioxide, Ppm 


Industrial 

Year Rural Residential Commercial 
1047-1048 eee O.079 0.104 0.112 
1048. 1040 O.040 0.061 
0.008 0.023 0.048 
Four-year mean 0,087 0.044 0.064 
Standard deviation (a 0.056) (o = 0.058) (o 0.055) 
Range 0.00+-0.31 0.00-0,27 000-4 -0 46 
Number of samples 69 71 227 


Mean (city proper) ie O.061) 


\nother slight decrease in the average concentration of lead in the atmosphere 
occurred after June, 1947, when the city ordinance, requiring the use of low-volatile 
coal in hand-tired units, was put into etfect. The average lead content of the over-all 
atmosphere of the city has remained practically stationary since then. Since the 
average lead content of the settled dust throughout this period ranged from 0.12 
to 0.1600 ~ the decrease in atmospheric lead corresponds to the general decrease in 
dust fall which has occurred during the same period (Table 1). The increased 
use of gas and oil for industrial purposes, as well as the increasing number of instal- 
lations of equipment for controlling the emission of fly-ash, undoubtedly are of 
greater importance than the new ordinance in explaining the decrease. 


2. Kehoe, R. A.: Exposure to Lead, Occup. Med. 3:156, 1947. 
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In the consideration of the hygienic significance of these analytical results on 
lead in the atmosphere it is important to recognize that the level of concentration 
in all parts of the city of Cincinnati, as portrayed by these observations, ranges 


X ALL SEASONS 
O COLD MONTHS | 
coo. MONTHS 
WARM MONTHS 4 
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Fig. 5.—Relationships among average concentration of sulfur dioxide in atmosphere, seasons 
of year, and character of sampling stations. 
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Fig. 6.—Seasonal differences in concentration of sulfur dioxide (proportion of total SO» due 
to space heating) in atmosphere of two sections of Cincinnati. 


from 1/1,500 to 1/15 of the most commonly accepted standard for a safe industrial 
atmosphere. This is not to suggest that the latter is a satisfactory standard for 
application to the atmosphere of a community, but the margin of safety seems large 
and ample. 
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Phe concentrations of iron and aluminum in the suspended matter varied accord 


ing to the activity of the neighborhood and also to the season, being highest during 


the winter heating season. The concentration of zine varied but little on a seasonal 


basis, but it was influenced by locality, with specific reference to industrial activity. 


The largest quantity of zine was found in the atmosphere of a station near a brass 
loundry. No attempts were made to determine the quantities of boron, phosphorus, 
ronitrates which, no doubt, were also present in the suspended solid matter. 
Sulfur Compounds.—-\n Table 6 are listed the average concentrations of sulfur 
dioxide in the atmosphere of the various sections of the city ona year by year basis, 
and over a period of four years. The ranges of values characteristic of each section 


during the entire period are also given. The concentrations of sulfur dioxide were 


Pane 7.—Concentrations of Fluorides as Hydrogen Fluoride in the Atmosphere 
of Lartous Sections of Cincinnati (1046-1951) 


Hydroven Fluoride, Ppm 


No. of Mean and 
Samples Range Standard Deviation 


Rural 7 0000-0025 Co 0.005) 


Residential 0000-0025 0.006 (a 0.007) 


Commercial and industrial 085 OOS O06) 


City proper Co OID) 


Tasir 8.—Concentrations of Chlorides in the Atmosphere of Various Sections 
of Cincinnati (1947-1951) 


Chlorides, Ppm 


No. of Mean and 
(rea Samples Range Standard Deviation 


Residential and neighborhood commercial ; 0.01020, 10s 0.080 
Industrial and eommercial O.00-0.19 O.034 O84) 


calculated trom the total sulfates which were determined in each sample. As may 
he seen, there was a progressive decrease in the concentrations of sulfur dioxide 
through the vears 1947 to 1950, after which no further change occurred. The con- 
centrations also varied seasonally and with the extent of commercial and industrial 
activity mn the several areas of the city. These variations are illustrated in Figure 5, 
in which the average concentrations are plotted for each station by seasons. 
Higure © compares the average concentrations observed during cold and warm 
months mn two areas. The differences suggest that 17.5 to 31.5% of the total sulfur 
dioxide present in the atmosphere during the cold months derive from the domestic 
use of heating fuels 

Halides.-Vhe quantities of fluorides and chlorides found in the atmosphere 
are tabulated in Tables 7 and 8. The quantities of fluorides were extremely small 
and were uniform throughout the city. The amounts tend to vary according to 
the season, being highest during the cold months, when the combustion of coal is 
at its height. 
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The quantities of chlorides were also uniform in their distribution in the atmo- 
sphere of the city. When expressed in parts per million by volume, chlorides were 
intermediate in concentration between the fluorides and sulfur dioxide. 

Carbon Monoxide—TVhe mean concentration of carbon monoxide in the atmo- 
sphere, as well as the ranges of concentration (Table 9), show a definite relation- 
ship to the activities within the several areas. The largest amounts were found in 
areas in which industrial and commercial activities were greatest. Within these 


areas, generally, was found the heaviest motor traffic. Concentration of carbon 


monoxide in the atmosphere of the rural area is listed as < 5.00 ppm, because most 


Taste 9.—Alean Concentrations of Carbon Monoxide in the Atmospher: 


l’artous Sections of Cimemnatt 


Carbon Monoxide, Ppm 
No. of 
Samples Range Mean 


Residential 
Industrial and eommereial 


All sections... 


Tasre 10.—Frequency Distribution of the Quantities of Carbon Monoxtde m the Atmosphere 


at Two Downtown Locations of Cincinnatt, Dec. 19 and 20, 1949 


Ppm No. of Samples 

5.0-9.9 

10.0-14.9 

15.0-19.9 

20.0-24.9.. 

25.0-29.9. . 

S0.0-34.9 

35.0-39.9. . 

10.0-44.9 


OOO 


Total.. 


Mean 20.2 (excluding value of 200.0). 
Standard deviation = 


of the findings were below this value, which was the lower limit of detection by the 
analytical method employed. 

The diurnal variations which were observed principally at busy intersections of 
the downtown business area are given in the form of a frequency distribution in 
Table 10, the samples having been taken atitwo locations every i5 minutes during 
the daytime on two days of the active Christmas shopping season. The mean 
concentration of carbon monoxide at these locations was found to be 20.2 ppm, but 
the mean does not include a result of 200 ppm which was obtained fortuitously and 
quickly when a bus drew up to discharge its passengers at a point near the sampling 
site. No result below 5 ppm was obtained during the two-day period of these 
observations. 
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Carbon Dioxide.—The data on the concentrations of carbon dioxide in the atmo- 
sphere of the various sections of Cincinnati are listed in Table 11. There is a small 
but progressive increase in the average results and in the width of the ranges of 
concentrations from the rural area toward the more industrialized sections. 

Other Contanunants.—The other contaminants in the Cincinnati atmosphere 
for which analyses were made are listed in Table 12. The concentrations of alde- 
hydes and nitrates (oxides of nitrogen) exceed those of the other gaseous con- 
taminants except carbon dioxide and carbon monoxide. The quantities of aldehydes 
seem to bear a direct relationship to the density of motor traffic, as can be seen in 
Figure 7, in which the concentrations at four stations are plotted against the car 
counts. An exception is the contribution of a varnish plant, as indicated in Figure 7. 


Taste 11.—-Concentrations of Carbon Dioxide in the Atmosphere of a 
Number of Sections of Cincinnati 


Carbon Dioxide, % 
No. of 
Samples Range Average 


Rural 1s 0.031-0.089 0.083, 
Residential 2 0.080-0.052 0.037 
Commercial and industrial 0032-0060 0.039 


City proper 0030-0052 0.038 


Taste 12.—Concentrations of a Number of Pollutants in the Atmosphere of Cincinnati 
No.of Average or 
Material Samples Range, Ppm Mean, Ppm 


Nitrates O.00-055 0.23 
Ammonia 14 000-0089 0.0P3 


Aldehydes O07 0.06) 


zone was not determined, although its importance as a pollutant has been 
demonstrated’ Satisfactory analytical methods for determining this pollutant in 


the atmosphere are not available at present. 


The quantities of ammonia compare in amount with the chloride present in the 


atmosphere. 

Odors. The techniques for the appraisal of odors are not so well developed 
as to provide accurate quantitative data. A number of industries in the Cincinnati 
area engage in processing or producing malodorous materials, some of which give 
rise to odors of animal origin and of putrefaction, A variety of other plants, such 
as distilleries, chemical works, reduction plants, soap factories, and stockvards, 
provide a variety of odors too numerous to mention and too complex to identify. 
\mong those, which can be detected and identified specifically at times are phenols, 
fatty acids, and hydrogen sulfide. Analyses for hydrogen sulfide at times when 
the odor was recognized rarely showed concentrations in excess of 0.01 ppm in 


the atmosphere in samples collected over a period of one-half hour. 

3. Larson, G. P.: Recent Identification of Atmospheric Contaminants in the Los Angeles 
Basin, presented at the Annual Meeting of the Air Pollution and Smoke Prevention Association 
of America, Roanoke, Va., May 9, 1951. 
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PLANS FOR THE CONTINUATION OF CORRESPONDING OBSERVATIONS 

The foregoing observations, carried out over a period of five years, have yielded 
basic information as to the nature of a number of pollutants in the atmosphere of 
various sections of the city and surroundings of Cincinnati. A number of gaps in 
the information, however, must be filled by further observations. The diurnal 
variations in the concentration of common contaminants require elucidation, as do 
the temporal and geographic variations associated with general and specific meteoro- 
logic conditions. .\ special effort will be made to define the differences which 
result from the different conditions of daytime and nighttime at some of the 
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Fig. 7—Relationship between concentrations of aldehydes in atmosphere and density of motor 
traffic. 


stations. Also, more detailed observations will be made in an effort to relate the 
concentrations of aldehydes, nitrates, sulfates, and lead in the atmosphere to density 
of motor traffic. The information now available, plus that obtained by the methods 
which have been developed by experience, described above, is to be used to 
delineate two areas of corresponding economic status but of widely different 
pollution loads. In these areas, it is anticipated, epidemiological methods will be 
applied in the study of the population, while the investigation of atmospheric pol- 
lution will be carried on in an intensified manner. 

Investigation of the origin of specific pollutants will also be expanded, and 
attempts will be made to assess the extent of the contribution made by various 
sources of pollution. 
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STUDIES ON FATE OF PARATHION IN RABBITS, USING 
RADIOACTIVE ISOTOPE TECHNIQUES 


J. A. JENSEN, BS. ChE. 
W. F. DURHAM, Ph.D 
AND 


G. W. PEARCE, Ph.D 
SAVANNAH, GA 


STUDIES on the toxicity of parathion to mammals have consisted largely in 


determining 1..D.59 values and cholinesterase-inhibitory effects. The fate of the 
compound has not been clarified sufficiently, and only a few investigators have 


examined this important phase of the toxicology of parathion. 


Hazleton and 
Holland 


and Gardocki and Hazleton? have reported traces of parathion or its 
degradation products in the urine of dogs following intravenous administration of 


toxic amounts of the compound. Dahm and associates © reported that parathion is 


not excreted in the nulk of dairy cows fed parathion-wettable powder at levels of | 
or 5 ppm of the estimated dry rough intake. 


In a recent and similar experiment 
Pankaskie and associates * 


were unable to demonstrate the presence of parathion or 
free p-nitrophenol in the milk, although the average intake of parathion per cow was 
167 mg. per day; nor could parathion, free p-nitrophenol or free p-aminophenol be 
found in jugular blood, urine, or milk when water-wettable powder was fed in cap 
stles ad increasing rates of from 1 to 32 mg. of parathion per kilogram of cow body 
weight per day. p--\minophenol, however, occurred in the urine but represented 
only about 10% of the total parathion fed. 


Lehman, according to Gardocki and 
Hazleton 


and Hazleton and Holland,’ found that parathion when administered in 
toxic doses was not stored in the body. 


The colorimetric method of Averell and 
Norris 


Was used for this determination. Until the present, no one has reported on 


the fate of the thiophosphoric acid portion of the parathion molecule. The present 
paper reports on the disposition of parathion labeled with radioactive S“ 
dermal and intravenous administration to rabbits. 


atter 


From the Communicable Disease Center, Public Health Service, Federal Security Agency 


1. Hazleton, L. W., and Holland, E.G 


Pharmacology and Toxicology of Parathion, Agri- 
cultural Control Chemicals, American Chemical Society, Advances in Chemistry Series, No. 1 
31, 1950 


2. Gardocki, J. F., and Hazleton, L. W.: Urinary Excretion of the Metabolic Products of 
Parathion Following Its Intravenous Injection, J. Am. Pharm. A. (Scient. Ed.) 40:491, 1951 

3. Dahm, P. A.; Fountain, F. C.; Pankaskie, J. E.; Smith, R. C.. and Atkeson, F. W 
The Effects of Feeding Parathion to Dairy Cows, J. Dairy Sc. $3:747, 1950 

4. Pankaskie, J. E.; Fountain, F. C., and Dahm, P. A.: The Degradation and Detoxication 
of Parathion in Dairy Cows, J. Econ. Entomology 45:51, 1952 

5. Averell, P. R.. and Norris, M. V.: Estimation of Small 


Amounts of O,O-Diethyl O,p 
Nitropheny! Thiophosphate, Indust. & 


Engin. Chem. (Analyt. Ed.) 20:753, 1948 
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JENSEN ET PARATHION IN) RABBITS 


EXPERIMENTAL PROCEDURE 

The radioactive S*°-labeled parathion used throughout the work was prepared 
hy Jensen and Pearce.* It had an approximate specific activity of 220 pe per milli- 
mole. 

In preliminary studies of possible methods of making radioassays of fluids and 
tissues taken from experimental animals,’ a micro-Carius sulfur * technique was 
investigated. While this procedure is perhaps the most accurate available, it is 
somewhat slow and laborious. The possibility of making radioassays directly on 
smears of blood, urine, and macerated or partially digested tissues was studied, and a 
simplified technique was developed and used throughout this study. The success 
of the procedure apparently depends on the fact that parathion or a sulfur-bearing 
part of the molecule is readily immobilized by blood and presumably by certain other 
hological materials. The vapor pressure of parathion is too high to permit accurate, 
direct counting unless this occurs. 

The direct counting procedure as applied to blood consisted in spreading 0.025 
ml. evenly on 22 mm. square cover glasses covering a total area of approximately 
3.25 sq.cm. The smears were then dried at 30 to 35 C. under a heat lamp and were 


Paste 1.—Comparison of Patred Aliquots of Rabbit Blood Assayed by Direct Count of Smears 


Counts per Minute 


Sample Aliquot A 


us 


Aliquot B 


Os 


208 


re 


assayed for radioactivity in a “QO” gas open-window Geiger counter (Model D-46, 
Nuclear Instrument & Chemical Corp.). By addition of known amounts of the 
radioactive parathion to blood and by counting in the same manner, it was determined 
that a net of 10 counts per minute (cpm) was equivalent to 0.004 y of parathion. 
In a similar manner, cpm calibration in terms of parathion equivalent in the case of 
other media was made. The data in Table 1 illustrate the assaying reproducibility in 
terms of cpm between duplicate samples of rabbit blood. The agreement between 
duplicates was deemed adequate for the present study. 

Urine (0.3 ml.) was evaporated to dryness in aluminum pans and assayed directly 
for radioactivity. Assay of feces, on the other hand, gave extremely variable results, 
suggesting contamination by urine, and the sampling of feces was therefore dis- 
continued, However, uncontaminated feces recovered at autopsy did show small 
hut discrete amounts of radioactive material. 

6. Jensen, J. A., and Pearce, G. W.: Synthesis of Radioactive Parathion Using S*, J. Am. 
Chem. Soc. 74:3184, 1952 

7. Henriques, F. C., Jr.; Kistiakowsky, G. B.; Margnetti, C., and Schneider, W. F.: Analy- 
tical Procedure for Measurement of Long-Lived Radioactive Sulfur, S**, with a Lauritzen 
Electroscope and Comparison of Electroscope with Special Geiger Counter, Indust. & Engin 
Chem., (Analyt. Ed.) 18:349, 1946 

8. Niederl, J. B.; Baum, H.; McCoy, J. S., and Kuck, J. A.: Microcarius Halogens and 
Sulfur Determination, Indust. & Engin. Chem. (Analyt. Ed.) 12:428, 1940. 
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\iter these preliminary. studies, rabbits were treated dermally with 125 mg. of 
the labeled parathion applied on a shaved portion of skin over the coxal bone. ’ 
Blood samples were collected beginning 15 minutes following application and con- 


tinuing at increasing intervals up to 18 days. Daily urine samples were also col- 


lected over the same period. 

though in some animals low levels of radioactivity were observed in the blood 
within 15 minutes after dosage, only trace amounts were detectable in others. The 
urine has always been found extremely active, and apparently the excretory system 
Is very efficient in removing parathion, or at least the sulfur-bearing portion of the 


molecule, from the blood stream. In two rabbits appreciable quantities of activity 
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Chart 1.—Parathion equivalent in blood and urine of rabbits following dermal application . 


were found in the blood, and the averaged data (expressed as parathion equivalent ) 


for these animals are presented in chart 1. The average amounts found in the urine 
of the same animals are also given in the figure. It will be noted that it was neces- 
sary to magnify the lower portion of the ordinate scale in order to show values for 


both blood and urine on the same chart. The important observation to be made 


from these data is that the amounts likely to be found in the blood are very small 


and most of the activity appears in the urine. 


To test further the apparent rapidity of excretion of parathion or a degradation 


product, a rabbit was treated intravenously with 20 mg. of parathion (6 mg. kg.) 


in 0.5 ml. of ethyl alcohol. The dosage was injected in the vein of one ear, and blood 


samples were removed from the opposite ear starting five minutes after dosing 
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and continuing at intervals for the next five hours. The parathion equivalent found 


in the blood has been plotted against time in chart 2. It seems clear from this experi- 
ment that the excretory system can remove near-lethal dosages of parathion from the 
blood in a very short time. 
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HOURS AFTER INJECTION 


Chart 2—Elimination of parathion after intravenous administration in rabbits. 
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Chart 3.—Parathion equivalent in blood and red cell cholinesterase activity in rabbits. Der- 
mally treated skin area excised 72 hours after dosing. 


In another experiment, 125 mg. of parathion was applied dermally to a rabbit, 
and determinations of cholinesterase activity, as well as radioactivity measurements, 
were made on blood samples taken at intervals after dosage. Cholinesterase was 


determined by the method of Michel.* Seventy-two hours after dosage, the treated 


9. Michel, H. O.; An Electrometric Method for the Determination of Red Blood Cell and 
Plasma Cholinesterase Activity, J. Lab. & Clin. Med. 34:1564, 1949. 
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skin area was excised, and the blood assays were continued for two more days. The 
data obtained are shown in chart 3. It is noted that as the parathion in the blood 
increases initially, cholinesterase activity decreases. The irreversible nature of the 
deactivation of cholinesterase is indicated by the slow return toward a normal level 
alter the complete disappearance of radioactivity in the blood stream. In this 
experiment the urine was again found to be highly radioactive. 

The total parathion equivalent excreted in the urine over a period of 15 days 
alter dermal dosing was found to be 5 to 9 mg., or 5 to 7% of the total applied 
(125 mg.). It should be kept in mind that a high proportion of the parathion applied 
is never absorbed. The treated skin area was always grossly radioactive at the time 
of autopsy 


One of the objectives of this study was to determine whether parathion or any 
sulfur-containing degradation product was stored in organs or tissues. To study 


Pantie 2.—Concentration and Calculated Total of Parathion Equivalent in Body Fluids and 
Organs of Two Rabbits on the Fifth and Twentieth Days after Dermal Application 


Parathion Equivalent 


Concentration Calculated 
y perGm Total Mg 
Estimated Rabbits * Rabbits 
Weight, 
Gm B 
3.7% OOP 60 
0.3000 


Spleen 


Kidney 


O.0040 


Total 21531 


\utopsy was done on Rabbit B 20 days after dosing; on Rabbit C5 days after dosing 
* Urine was obtained from the bladder at autopsy 


this, L- to 2-gm. samples of organs taken at autopsy were digested in 50-ml. portions 


of a pepsin-hydrochloric acid mixture, Aliquots of the digest were radioassayed 
alter evaporation to dryness in aluminum pans. Table 2 presents the concentra- 
ton of active material expressed as parathion found in various fluids and organs. 
Phe caleulated total quantity of active material in each organ is also shown. None 
of the organs were perfused, and a part of the parathion equivalent may be due 
either to the residual blood in the organs or to residual urine in the kidneys. 

It is particularly significant that in Rabbit B, on which autopsy was done on 
the 20th day, the residual activity in the organs and in the body fat and muscle 
amounted to less than 9% of the total excreted in the urine over a period of 15 days. 
I.qually significant, even at peak levels in the blood and urine, residual parathion 
equivalent in the whole body of Rabbit C, on which autopsy was done on the 5th day, 
was less than 2% of the amount applied. As shown in Table 2, there was five times 
as much parathion equivalent in the rabbit examined on the 5th day as there was in 
the rabbit examined on the 20th day after application. These findings, together with 
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the blood and urine assays, indicate that the storage of parathion or a sulfur-con- 


taining degradation product is minimal and excretion 1s prompt. 


Attempts were made to identify the chemical nature of the radioactive com- 


pounds present in blood and urine after the dermal application of parathion. 


Samples of blood and urine from a dosed animal were radioassayed, subjected to 


a high vacuum for several hours, and subsequently reassayed. There was, how- 


ever, as shown in Table 3, no appreciable loss of activity, indicating that the para- 


thion was bound in some manner or else was degraded to an inorganic state. The 


pronounced loss of parathion from saline in a relatively short time is typical when 


parathion remains intact and is not bound. For example, attempts to prepare 


standards by incorporating the active compound in plastics or similar media failed 
because of the marked vaporization of parathion from such mixtures. Whether 
parathion is bound in the blood as such or whether it is in a degraded state 1s not 
clear from this work. In the case of urine, however, the activity observed is 
apparently due to thiophosphoric acid or its ions. Evidence as to the latter is 
contained in experiments in which urine samples were treated with an amion 


exchange resin (“amberlite [R-4B,° Rohm & Haas Co.). The sample assayed 


Tasie 3.—Radtoactivity of Blood, Urine, and Saline Before and After Vacuum Treatment 


Evacuation 
at << 1 Mm. He, — - 
Material Hours Preevacuation 


Activity Assay (Cpm) 


Postevacuation 


Urine sample....... 72 5,150 4.844 
Parathion in saline............... i ly 3,349 1,767 


101,000 cpm before treatment and 18,000 cpm after treatment. On regeneration 


with 5% sodium hydroxide, a radioactive solution was obtained assaying 48,000 


epm. A portion of this solution was treated with ammonium molybdate, giving a 


strongly radioactive yellow precipitate, the filtrate being essentially nonradioactive. 


It seems apparent from these experiments that the thiophosphoric acid moiety 


appears in large amounts in the urine. Whether degradation of the parathion occurs 


before or after excretion is not known. Since organic esters of inorganic acids 


such as parathion are generally very susceptible to hydrolysis, it seems most likely 


that the parathion is split some time prior to its excretion in the urine. 


SUMMARY 


A study of the fate of parathion in rabbits treated dermally and intravenously 
with radioactive S**-labeled parathion has been made. Evidence has been obtained 
showing that there is very little accumulation of parathion or a sulfur-bearing por- 
tion of the molecule in the blood, organs, or tissues. The compound or sulfur- 
containing degradation products are rapidly excreted in the urine. The excreted 
moiety appears to be the inorganic residue of parathion and is absorbed by anion 
exchange resins, from which it can be regenerated and precipitated by ammonium 
molybdate. 


Dr. Paul Ortega performed autopsies and prepared tissue samples; Dr. Wayland J. Hayes 
Jr. gave advice and guidance in the course of the study. 
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TEMPORARY CHANGES IN ACUITY OF THE HUMAN EAR 
FOLLOWING EXPOSURE TO INTENSE NOISE 


JOHN B. GALLAGHER, MA. 
AND 


JOHN E. GOODWIN, Ph.D. 
TORONTO, CANADA 


NVESTIGATORS are generally agreed that exposure of the human ear to 

intense noise for comparatively short periods will result in temporary diminu- 
tion of hearing acuity.!. For example, Davis and his colleagues,’ using both pure 
tones and band-spectrum noise at known high intensities, have demonstrated that 
moderate to marked transient hearing loss could be induced, with gradual subse- 
quent recovery to normal acuity. The degree and character of the initial loss were 
a complex function of the duration, intensity, and frequency of the exposure noise, 
and there were marked interindividual variations in the amounts of hearing loss 
produced. In general, auditory thresholds at lower frequencies were atfected rela- 
tively little, the ear showing its greatest susceptibility to noise at higher frequencies. 

Wheeler * exposed subjects to wide-spectrum (“white”) noise at an intensity 
of about 105 db. at the ear and found the greatest threshold shift, following 
exposure, to occur in the 4000 to 6000 eycles per second (eps) region. Rate of 
recovery was more rapid initially than in later stages. Wheeler also reported that 
there appeared to be large differences in individual susceptibility to noise-induced 
hearing loss. 

There are many published reports, as for example that of Rosenblith,t which 
show that long-continued exposure to high-level noise (as in certain industrial 
processes) may produce permanent hearing loss, particularly for the higher fre- 
quencies. 

Wheeler * and Rosenblith * have suggested that there is a relationship between 
the degree of temporary deafness which can be produced experimentally and the 

From the Department of Physiological Hygiene, University of Toronto, 

Phis investigation was supported by a research Grant-in-Aid from the National Research 
Council of Canada. 

1. Wilson, W. H.: Prevention of Traumatic Deafness, Arch. Otolaryng. 37:757 (June) 
1943. Dix, M. R.; Hallpike, C. S., and Hood, J. D.: Auditory Adaptation in the Human 
Subject, Nature, London 164:59 (July 9) 1949. 

2. Davis, H.; Morgan, C. T.; Hawkins, J. E., Jr.; Galambos, R., and Smith, F. W.: 
Temporary Deafness Following Exposure to Loud Tones and Noise, Office of Scientific 
Research and Development Report, Sept. 30, 1943. 

3. Wheeler, D. E Noise-Induced Hearing Loss, Arch. Otolaryng. 51:344 (March) 
1950 

4. Rosenblith, W. A.: Industrial Noises and Industrial Deafness, J. Acoust. Soc. America 
13:220 (Jan.) 1942 
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permanent deafness which may result from long-term traumatization by noise of 


the organ of hearing. However, such a relationship has yet to be definitely 
established. 

As a preliminary step in investigating this problem, we exposed a series of 
test subjects to wide-spectrum, or “white,” noise at a moderately high but not 
painful level for a constant length of time and tested for subsequent temporary 
hearing loss. The findings were so diverse that the preliminary study was expanded 
into a more complete investigation, and this report is a presentation of the obser- 
vations. 


METHODS 
The equipment used in these studies consisted of the following apparatus 


1. A thermal noise generator ® with essentially flat output (+ 2% db.) between 25 


and 
7,500 cps (which was the range of our measuring equipment). 


2. Amplifiers with linear characteristics over the same range of frequencies. 

3. Permoflux PDR-10 dynamic earphones which were also essentially flat (over the range 
used) in their measured output by loudness balance tests.® 

4. A standard Maico audiometer, as a source of pure tones. 

The thermal noise used during exposure and the pure tones for testing auditory acuity were 
amplified to a reference level of 6 milliwatts, as indicated by metering equipment, and then 
attenuated to the desired level by calibrated T-pad networks. The meters permitted constant 
monitoring of the signals presented to the ear. Precautions were taken to ensure that cross 
talk between high-level and low-level circuits was reduced to a negligible amount, and the 
experiments were conducted in a sound-treated room with a satisfactorily low ambient noise 
level. 

Volunteers with presumably normal hearing, ranging in age from 18 to 30 years, were given 
audiometric tests. Individuals showing losses of more than 15 db. at any one test frequency 
or above 10 db. at more than one frequency were arbitrarily classified as abnormal. Thus, 
subjects with normal acuity in one or both ears were selected for the noise-exposure tests. 
The audiograms were expressed in absolute units (decibels below the reference level of 6 
m Iliwatts). This phrmitted calculation of a normal hearing threshold curve for our payticular 
equipment and test conditions. 


Noise-Exposure Technique.—lIn pilot experiments we confirmed the findings of other investi- 
gators that thresholds for the lower frequencies are little affected by “white” noise. 


Attention 
was therefore concentrated on the higher frequencies. 


There was time, following a 10-minute 
exposure, to investigate hearing acuity at only three test frequencies, and tones of 2048, 4096, 
and 8192 cps were chosen as being those most likely to yield useful information. 

Normal ears were exposed to noise according to the following routine: 

1. Preexposure thresholds for 2048, 4096, and 8192 cps were determined, testing in steps 
of 1 db. 

2. Subjects were then exposed monaurally to the “white” noise for 10 minutes at a con- 
trolled power level of 6 milliwatts at the earphone. This was approximately 115 db. above the 
threshold of hearing, as measured by subjective tests. 

3. Immediately following exposure, hearing acuity thresholds for the three exploring tones 
(2048, 4096, 8192 cps) were redetermined successively for 20 to 30 minutes. 

4. Noise-induced losses at each test frequency following exposure were expressed as changes 
in decibels from each subject's preexposure threshold at that particular frequency 


5. Harvard Psycho-Acoustic Laboratory, Communication MHR-33, The Electronic Genera- 
tion of Airplane Noise for Use in Testing and Training, Office of Scientific Research and 
Development Report 1445, May 25, 1943. 

6. Harvard Psycho-Acoutic Laboratory Communication MHR-114, On the Articulation 
Efficiency of Bands of Speech in Noise, Office of Scientific Research and Development Report 
4872, May 1, 1945. 
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RESULTS 

(a) Initial Losses.—\mmediately after exposure all test subjects showed measur- 
able hearing loss at the three exploring frequencies. In all cases, the initial post 
exposure loss was least severe for the lowest frequency, 2048 cps. Some subjects 
exhibited the severest initial loss at 4096 cps; others, at 8192. The distribution 
of the initial postexposure losses at the three exploring frequencies is shown in 
Chart | 

(b) Recovery.—Within approximately 30 minutes recovery for the two lower 
frequencies was invariably complete and was usually within about 10 db. of normal 
for the highest frequency. In all cases, recovery was most rapid at 2048 cps and 
slowest at 8192 cps. Generally, recovery was more rapid immediately after 
exposure and then became progressively slower. .\s with initial losses, the inter- 


individual recovery rates were subject to wide variations. 
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Chart 1.—Distributions of hearing acuity losses for normal ears immediately after exposure 
to noise, at three test frequencies: 4, 2048 cps; B, 4096 eps, and C, 8192 eps. 


(c) Reproducibility of Results —On a number of subjects so tested, repeated 
exposures of the same ear indicated that the initial threshold shifts were repro- 
ducible within approximately 5 db. However, on a single occasion, one subject 
showed much greater susceptibility to noise than on previous or subsequent 
oceasions, an occurrence for which no rational explanation could be found. 

The exact times for complete recovery were difficult to establish because they 
involved measurements of very small residual deficits. In general, however, the 
recovery times were reproducible within about seven minutes. 


COMMENT 


1. Initial Hearing Loss.—The histograms depicting the initial hearing losses 
following exposure of normal ears (Chart 1) indicate that if allowance is made 
for the relatively small numbers tested the distributions at 2048 and 8192 cps show 
reasonably conventional spreads about their means. At 4096 cps, however, (Chart 
1B) there is a definite bimodal distribution. The bimodality is even more marked 
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when the raw data are examined, for at this frequency none of the ears tested 
showed initial losses in the range between 17 and 22 db. While this complete 
separation is probably spurious (with a sufficiently large number of tests some 
overlap would be expected), nevertheless it provided for our purpose a convenient 
empirical divtsion of the data into two groups. Thus, while the mean initial loss 
at 4090 cps was 25 db., there were actually two subgroups with means of 12% and 
32! db. and with fairly small standard deviations for each. The bimodality. 
when tested statistically, was significant at well below the 1% level of probability. 
It has been concluded, therefore, that under the conditions of our tests the experi 
mental material is not homogeneous at this exploring frequency but can be divided 
into two groups. 

As might be expected, not all the prospective test subjects possessed normal 
hearing acuity. Some of the audiograms showed evidence of slight, and usually 
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Chart 2—Breakdown of postexposure losses at 4096 cps: 4, distribution for subjects with 
slight high-tone losses in the ear not exposed to noise; B, distribution for subjects with normal 
binaural hearing acuity. 


unsuspected, unilateral high-tone deafness. There was therefore available a small 
group, of 16 subjects, each of whom had one “normal” ear which could be tested 
by exposure to noise but whose other ear was unsuitable because of audiometric 
evidence of early or minor abnormality. These will henceforth be referred to as 
the “contralaterally deaf” group, despite the mild nature of their afflictions. 

Chart 1B contains the experimental findings at 4096 eps on all “normal” ears 
tested, including those of the contralaterally deaf group. In Chart 24 the data are 
plotted separately for the contralaterally deaf persons, with the remainder, who 
possessed normal binaural acuity, shown in Chart 2B. The bimodality of the 
latter group is still evident and is statistically valid at less than the 1% level of 
confidence. 
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It was observed that test subjects with normal binaural acuity were not resistant 
to noise in one ear and susceptible in the other. The general level of susceptibility 
appeared to be a characteristic of the subject rather than of his separate ears. It 
seems legitimate, therefore, to divide the subjects tested into the following groups 
on the basis of the findings: 

(a) Hyposusceptible group—those with normal binaural hearing acuity whose 
ears were relatively resistant at 4096 cps to high-level “white” noise. 

(b) Hypersusceptible group—those with normal binaural acuity who exhibited 
much greater susceptibility to noise at 4096 eps. 

(c) Contralaterally deaf group—sixteen subjects with slight high-tone deficits 
in one ear only, whose normal ears (with two exceptions) showed poor resistance 
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Chart 3.—Postexposure hearing losses plotted against recovery time, at 4096 cps. Open 
circles represent data for subjects with normal acuity; solid circles, for subjects with slight 
hearing loss in the ear not exposed to noise. Numbered squares represent group means 
(description in text). 


at 4096 eps to noise exposure and whose responses resembled those of the hyper- 
susceptible group ( above ). 

As has been stated, groups 1 and 2 could be separated statistically with a high 
degree of reliance. Groups 1 and 3 could be similarly differentiated (P < 0.01), 
hut groups 2 and 3 were statistically indistinguishable (? = 0.15). 

2. Recovery from Noise-Induced Losses—As with initial loss, there were large 
interindividual differences in the rates of recovery. The test data for one frequency 
are shown in Chart 3, where the initial postexposure hearing loss is plotted against 
recovery time at 4096 cps. The open circles represent the findings on subjects with 
normal binaural hearing, and the solid circles, those on the contralaterally deat 
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persons. The numbered squares depict the means for (1) the hyposusceptible 
normal group, (2) the hypersusceptible normal group, and (3) the contralaterally 
deaf group. 

The findings at 2048 and 8192 eps have also been plotted in a similar manner 
but have not been included here. They showed the same wide interindividual 


variability in recovery times. 


3. Interrelationships.—Inspection of the test findings suggested that, while there 


was much interindividual variability in performance, certain trends in initial losses 
and rates of recovery appeared to be present. The test results were therefore 
examined statistically for possible interrelationships among initial losses at the three 
exploring frequencies, among recovery times at the three frequencies, and between 
initial loss and recovery time at each frequency. For this purpose coefficients of 
correlation were computed between each appropriate pair of parameters. 

When the calculations were performed for each of the three groups of subjects 
previously described, it was found that the number of tests in each group was too 
small to provide significant correlations. However, when the three groups were 
combined, a number of statistically valid correlations could be demonstrated at or 
below the 1% level of probability. 

(a) Between Initial Losses: Severity of initial loss at 4096 cps was correlated 
with the degree of loss at both 2048 and 8192 eps. A significant correlation between 
the losses at 2048 and 8192 cps could not be established, although each was 
significantly related to the losses at 4096 eps. 

(b) Between Recovery Times: Length of recovery time at any exploring 
frequency was directly correlated with that at each of the other frequencies. 

(c) Initial Loss vs. Recovery Time: At each of the three test frequencies 
severity of initial loss was directly related to recovery time. 

It appears from the computations that, while there were numerous exceptions, 
severity of initial losses at the three test frequencies was interrelated and also was 


related to the length of time required for return to normal auditory acuity. 

4. General Considerations.—It is of possible interest that all the persons in 
’ the contralaterally deaf group reported previous exposure, at one time or another 
and for varying periods of time, to high-level noise, either in industry or in warfare. 
While there is no evidence to indicate that their slight disabilities may have resulted 
from prior exposures to noise, nevertheless, with two exceptions, their “normal” 
ears were hypersusceptible to noise under our experimental conditions. Among 
the subjects with normal binaural hearing, approximately one-third of those in the 


hyposusceptible group had previously experienced a comparable severe exposure 
(without apparent effect), whereas none of the hypersusceptible group had been 
exposed previously to appreciable noise of like nature. These observations are 
admittedly unreliable because they are subjective rather than objective, but they 
at least do not refute the implications of the experimental findings. 

The observation that the most pronounced bimodalities both in initial losses 
and in recovery times occurred in the vicinity of the well-known “4000 cycle 
notch,” where maximal hearing loss is very likely to occur in cases of occupational 
deafness, is not without interest. The question arises whether, by extrapolating 
heyond the data here presented, one can postulate the existence of a similar bimo- 


dality in the human population as a whole. If this assumption were true, the 
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suggestions of Wheeler * and Rosenblith * regarding a possible relationship between 
noise-induced temporary losses and permanent deafness would imply that an 
appreciable proportion of the general population is unduly susceptible to high-level 
noise and cannot be exposed to it for long periods without deleterious effects. This 
aspect of the problem requires additional research. 


SUMMARY AND CONCLUSIONS 


Forty-seven subjects with normal binaural hearing acuity were exposed monau 
rally to intense “white,” or wide-spectrum thermal, noise (at approximately 115 
db. above threshold) for 10 minutes. Sixteen additional subjects, with slight. 
high-tone unilateral hearing losses, were given a like exposure in their normal ears. 
\uditory thresholds for three test tones of 2048, 4096 and 8192 eps were determined 
immediately before the exposure to noise and at various intervals for approximately 
20 to 30 minutes after exposure. 

\iter the exposure, all subjects showed moderate to marked temporary eleva- 
tion of thresholds at each test frequeney, with complete recovery to normal acuity, 
usually within 30 minutes. 

Histograms of the initial postexposure losses showed a decided bimodal distri- 
bution at 4096 eps which could be supported statistically. Thus, under the condi- 
tions of this experiment, approximately one-half of the subjects with normal 
hearing acuity were hypersusceptible to temporary noise-induced losses, and the 
remainder were hyposusceptible. The subjects with contralateral high-tone deficien- 
cies fell, with two exceptions, into the hypersusceptible group. While bimodal 
distributions at the other two test frequencies were not so apparent from inspection 
of the findings, their existense could be demonstrated statistically. Also, the 
persons who were hypersusceptible to noise at 4096 cps tended to be hypersus- 
ceptible at the other frequencies as well, and rates of recovery could in nearly all 
cases be correlated with severity of initial loss. 

Further investigations will be required to determine whether susceptibility to 
brief exposure to noise, as in the experiments described, can be correlated with the 
degree of permanent hearing loss that may occur in noisy environments such as 
are found in industry. 
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ETIOLOGY OF CORUNDUM SMELTER’S LUNG 


(Bauxite Worker's Lung, Shaver’s Disease) 


Dr. Med. HORST GARTNER 
SAARBRUCKEN, SAARLAND 


URING the years 1947-1949 papers were published in \merica as well as in 

Germany dealing with pulmonary disease acquired in the electrometallurgical 
production of corundum from bauxite. Occasionally this disease proved fatal. 
(only brief reference need be made to the well-known publications of the Canadian 
authors, Shaver, Riddell, Jepheott, Wyatt, and others. The purpose of the present 
paper is to compare the observations made in Germany with those made in Canada, 
emphasis being laid upon the etiologic problems involved. 

In America disease and death occurred mainly in four plants in the area of 
Niagara Falls, Ont., Canada. There 350 workers were exposed; 35 of them fell 
sick, and 10 died. In addition, 46 showed early pulmonary changes on x-ray 
examination. Exposure time averaged about six years, indicating a variable sus- 
ceptibility. In nine patients, spontaneous pneumothorax occurred. At autopsy, 
sections revealed stringy fibrous masses. On microscopic study, a diffuse fibrosis 
could be seen in the thickened alveolar septa, which showed a cuboidal epithelial 
laver. The air spaces were compressed and filled with phagocytes, giant cells, and 
detritus. In the plants, abundant dust was found about the electric furnaces. Spec- 
trographic examination showed it to contain the constituents of the raw material, 
hauxite, enriched in silica in the course of the processing (from the original 5 to 7% 
silica to 29 to 446. ). On x-ray diffraction and on examination with the electron 
microscope, the dust proved to be mostly amorphous and, specifically, free of erys- 
talline silica and of silicates. The dust in the lungs, with a silica content of 21 to 
35.7, resembled that found in the furnace smoke. Riddell,’ citing Gardner's 
report, states that the mineralogical examination revealed 25% corundum, 8% 
feldspar, 6% mullite or sillimanite, and 2.27 silica. Ninety per cent of the SiQy, 
as determined chemically, could not be classified mineralogically. Consequently, the 
possibility remains that it might have been present in the amorphous state. In a 
second examination, there was less than 1 silica as against 26% corundum; the 
presence of y-alumina was considered as a possibility. The Canadian authors are 

From the Institute of Hygiene and Bacteriology, Saar University (Director, Prof. Dr. 
(,artner ). 

These investigations were made during the former employment of the author in the Insti- 
tute for Research on Pneumoconiosis in Munster under the direction of Dr. K. W. Jotten. 
rhe paper was prepared in response to a request from the Editor of the ArcHiIves. 

1. Riddell, A. R.: Contributions by Dr. Gardner to the Pathology of Bauxite Workers’ 
Lung, Occup. Med. 4:56, 1947. 
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still in the dark as to the cause of the disease. They seem to assume a kind of 


chemically irritating etfect. .\ definite statement as to a causative substance could 


not be found in the American literature * known to us. 


Cases in Germany have been described by Watjen, Gartner, van Marwyck. 
Pietferkorn, Hagen, Schwellnus, and Kahlau. 


As far as we know, Watjen refers 
to a particular case. The other reported cases originated in a plant in the Rheinland, 
where 15 disabilities with & deaths were observed 


\ll these occurred in workers 
exposed to the fumes of electric furnaces in which corundum was made from bauxite 


Dense fume clouds were noticed over the furnaces, particularly during wartime. 
when the ventilation was insufficient because of blackout regulations. Pulmonary 
diseases among corundum-smelting workers, like aluminum lung disease, seem to 
have resulted from the more difficult working conditions of wartime. 


Cases in 
workers with predominantly postwar exposure are not known to us. The working 


time at the furnace jobs was 6 to 16 years. It seems unnecessary to give details 


of the operating processes or the clinical symptomatology, as both resemble those 
deseribed in the American literature. 


In our cases, the disease started with shortness 
of breath or with a spontaneous pneumothorax and, with increasing difficulty in 
breathing, became fatal in several cases, within one to two years. It has attracted 


special interest that in more than one-half of our fatal cases the patients showed 


active tuberculosis, a complication not reported in the American literature. How 
ever, the occurrence of tuberculosis should not be overemphasized; it should be 
considered rather as an event which happened by chance. 


In Germany, the 
corundum smelters worked in close contact in a small workshop; thus, it is not 
hard to imagine that they infected one another. It also should be recognized that 
an increased susceptibility was produced by heavy overwork, bad nutritional con 
ditions during wartime, and chronic inhalation of dust. 


\ description of the pathologic anatomical findings seems to be unnecessary. 
since these findings do not differ fundamentally from those described by the Cana- 


dian authors. However, a detailed discussion of the etiology appears to be impor- 
tant. There are two conflicting theories. The first was presented by Watjen and was 


emphasized again by Hagen. On the basis of our own investigations, however, my 
colleagues and | have arrived at another opinion. 


2. (a) Jepheott, C. M.: Fume Exposure in the Manufacture of Alumina 


Review of Associated Physical and Chemical Factors, Occup. Med. 5:701, 1948. (6) Jephcott, 
C. M.; Johnston, J. H., and Finlay, G. R.: The Fume Exposure in the Manufacture of Alumina 
Abrasives from Baunite, J. Indust. Hyg. & Toxicol. 30:145, 1948. (c) Riddell, A. R.: Pul- 
monary Changes Encountered in Employees Engaged in the Manufacture of Alumina Abrasives : 
Pathologic Aspects, Occup. Med. 5:710, 1948. (d) Sixth Saranac Symposium: Abstract of 
Proceedings of Meeting Sponsored by Saranac Laboratory and Held at Saranac Lake, New 
York, Sept. 29-Oct. 3, 1947, Indust. Med. 17:72, 1948. (e¢) Shaver, C. G., and Riddell, A 
R.: Lung Changes Associated with the Manufacture of Alumina Abrasives, J. Indust. Hyg. 
& Toxicol. 29:145, 1947. (f) Shaver, C. G.: Pulmonary Changes Encountered in Employees 
Engaged in the Manufacture of Alumina Abrasives: Clinical and Roentgenologic Aspects, 
Occup. Med. 5:718, 1948. (g) Wyatt, J. P., and Riddell, A. R.: The Morphology of Bauxite- 
Fume Pneumoconiosis, Am. J. Path. 25:447, 1949. 


3. Watjen, J Uber Lungenbefunde bei einem Korundschmelzer, Ztschr. ges. inn. Med 
2:179, 1947. Hagen, J.: Uber Lungenveranderungen bei Korundschmelzern, Deutsche med. 
Wehnschr. 75:399, 1950. Kahlau, G.: Pathologische anatomische Befunde bei Korundschmel- 
zern, Verhandl. deutsch. Gesellsch. Path., p. 377, 1950. 
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Watjen concluded that the corundum smelter’s lung represents a certain type ot 
aluminum lung. This opinion grew out of a comparison with pulmonary fibrosis in 
aluminum workers, cases of which had been observed in Germany and described by 
Goralewski before World War II. Parallels have been found in the fact that in both 
diseases a spontaneous pneumothorax frequently was noticed in x-ray pictures and 
in anatomical and histological findings. But this explanation remains problematical 
as regards occupational hygiene, because no free aluminum is present in the produc- 
tion process. Watjen used a theory of Jager to bridge this gap. .\ccording to this 
theory, y-alumina is supposed to be formed in smelting bauxite at 960 C. It is 
assumed that this alumina after being inhaled is dissolved in the lung fluids and that 
aluminum ions thus freed cause the picture of the disease. .\ co-effect of amorphous 
silica was thought possible by Watjen and Jager. In cooperation with Pfefferkorn 
and van Marwyck we entertain other opinions on the pathogenesis of the disease 
and have rejected the aluminum theory.*| We isolated the dust from pulmonary 
tissue and compared it with that found in seven different workplaces selected at 
random simply because, at that time, we did not know the exact place where the men 
worked. Our tests showed the following results: On x-ray diffraction, the pul- 
monary dust revealed a pattern in which definite lines of corundum could be found : 
in addition, lines caused by finer substances of unknown origin were in evidence 
The same lines were observed in one sample of dust collected from the fly dust of 
the furnaces producing normal corundum. By using additional methods, the ques- 
tionable substances could be determined in this case. The fly dust contained the tinal 
product, corundum, the raw material, bauxite, and, in addition, amorphous silica 
and mullite. Corundum and bauxite have a medium- and a coarse-grain size ; mullite 
shows very fine grains. On x-ray diffraction, two broad ditfuse rings indicated that 
amorphous silica was present in the form of smoke. As usual, the fine-grain sub- 
stances predominated in the pulmonary dust. Since practical experience in abrasive 
plants and the results of experiments have shown corundum to be harmless, and 
since there are no reports indicating noxious effects of bauxite, only mullite and 
amorphous silica have to be considered as the disease-producing agents. 
The histological findings were fundamentally the same as those described by 
Watjen in the German publications, but we (especially van Marwyck) became 
aware of the following peculiar phenomenon: Occasionally, the proliferative con- 
nective tissue, consisting of fibroblasts, plasma cells, and dust, grew in the shape ot 
buttons into the alveoli and clogged them finally. Such buttons, which must not be 
confused with silica nodules, are specifically caused by mullite, as reported by Jotten 
and Eickhotf* after an extensive study in experimental animals of the alumi- 
num lung. Naturally, we took the amorphous silica into consideration as the 
harmful ingredient. The comparison of the dust in the lungs with the dust in the 
plant, as well as the histological examination, cast suspicion also on mullite. We had 
stated previously that, from the viewpoint of occupational health, this substance is 
4. (a) Gartner, H.: Uber Lungenbefunde bei einem Korundschmelzer, Ztschr. ges. inn. 
Med. 2:761, 1947. (b) Gartner, H., and van Marwyck, C.: Lungenfibrose durch Sillimanit. 
Deutsche med. Wchnschr. 72:708, 1947. (c) Jotten, K. W., and Gartner, H.: Lungenfibrosen 
als Berufskrankheiten, Arbeitschutz 1:11, 1948. (d) Jotten, K. W., and Gartner, H.: Die 
Staublungenerkrankungen, Wissensch. Forschungsber. 60: 1950. 
5. Jotten, K. W., and Eickhoff, W.: Lungenveranderungen durch Sillimanitstaub, Arch 


Gewerbepath. u. Gewerbehyg. 12:223, 1944. 
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not harmless. After examining the lungs of 10 porcelain workers in 1939," we had 
established that in two patients the only mineral present was mullite. These findings 
had been the reason for the animal experiments of Jotten and Eickhoff mentioned 
above and had suggested to us the consideration of mullite etiologically. A later 
survey of the plant and an examination of other lung specimens strengthened the 
previous findings and contirmed the correctness of this interpretation. 

The aluminum theory of the origin of this disease has been developed through 
\Watjen’s investigation of one case. However, the chemical findings reported by this 
author are not uniform and may be interpreted differently. We could not agree with 
the opinion that we were dealing with aluminum lungs, because neither aluminum 
nor y-alumina could be found either in the dust from the lungs or in the dust from 
the plant. Therefore, we clarified our position in regard to this by publication “ and 
discussed the question at the International Conference on Pneumoconiosis in 
Munster in 1949." Jager, who is the author of the aluminum theory, reported at 
this conference that he had pointed out two etiologic possibilities to Watjen in 1944: 

alumina and very finely dispersed silica. He added that y-alumina can be detected 
in the furnace smoke by the Morin stain reaction. However, aluminum in solution 
could not be found in lung sections of the corundum smelter workers by means of 
this sensitive reaction. The sections did not show the typical Morin reaction, which 
can be easily demonstrated in pulmonary fibrosis caused by metallic aluminum. 


Therefore, in Munster (1949), Jager expressed the opinion that the amorphous 


tine-grained silica was causing the pulmonary fibrosis. After we presented our 
opinion, Watjen too ceased to support the aluminum theory. 

Qn the basis of histological findings, Schwellnus ? and especially Hagen empha- 
sized the etiologic significance of aluminum. Hagen did no experiments of his own ; 
he referred, rather, to clinical and x-ray findings as well as to the histological pic- 
ture. \s to the parallelism and the validity of the clinical, x-ray, and histological 
findings, the following can be said: The corundum smelter’s lung represents a diffuse 
pulmonary fibrosis; its anatomical picture is undoubtedly similar to that of the 
aluminum lung. This does not, however, prove that it is due to an action of the 
identical noxious agent but merely that the dust which damaged the pulmonary 
tissue caused a similar tissue reaction. There are certainly several dusts of such 
kind. Recently we finished a series of animal experiments in which we dusted 
rablits for more than three vears with a very fine amorphous silica corresponding 
to the 20 \ silica used by Gardner. In these animals, we noticed desquamation and 
exudation, granulomata containing macrophages, and partial enlargement of the 
interstitial spaces, with raising of the epithelial cells in the form of an alveolar- 
glandular cell formation. The findings in our experimental animals resembled the 
pictures of aluminum lungs observed in other animal experiments and in corundum- 
smelting workers in our country as well as in Canada. There is also a certain simi- 
larity to the beryllium lung. In all these cases, a dust acts on the proteins and on 
the cells. The resulting histological picture indicates a fundamentally identical 
defense mechanism of the lungs but is etiologically not specific. If a similar ana- 

6 Gartner, H.: Rontgen-Feinstrukturuntersuchungen an Porzellanstaublungen, Arch. Gewer- 
bepath. u. Gewerbehyg. 10:151, 1940. 

7. Schwellnus, M., and Kleinsorg, H.: Lungenerkrankungen bei Arbeitern in Korundbe- 
trieben, Deutsche Ztschr. ges. gerichtl Med. 39:557, 1949, 
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tomical picture should thus develop, parallels in clinical and x-ray findings would 
not be surprising. However, they do not constitute proof of the same causation 

Hagen still refers to the effect of the y-alumina, an assumption which is no 
longer supported by Jager, and maintains that the aluminum theory is confirmed 
by the American findings. In our opinion, these cannot be used for confirmation 
either way. It is true that occasionally writers have mentioned that small quantities 
of y-alumina are present. But, on the other hand, emphasis has been laid upon the 
fact that mullite was present in the lungs of one patient.'. The proportions ot 
ALO, and SiO, reported by Jephcott and associates,” may indicate the presence 
of y-alumina and silica; these proportions, however, are also exactly those found in 
mullite, namely, 3 2 SiOz. 

As there was little other explanation of the pathogenesis of this disease, it was 
originally necessary to discuss the corundum smelter’s lung according to Jager’s 
theory. However, no findings have been published which allow only this explana- 
tion. Jager’s theory is contradicted by the fact that y-alumina was not found in the 
furnace dust examined by us; thus only very small amounts could have been present. 
\lso Jager, although an expert in this field, did not succeed in proving the presence 
of aluminum in the lungs. Furthermore, it must be pointed out that large quantities 
of pure aluminum dust were necessary to produce the picture of the aluminum lung 
in the patients observed in Germany. Even then, complex influences have to be 


taken into consideration, since after working conditions in the aluminum industry 


returned to peacetime conditions new cases have not been reported. Hence, we 
doubt that the small amounts of y-alumina probably present in the smoke of the 
corundum furnaces can be held responsible for the corundum smelter’s lung. On 
terminological grounds alone, we would question whether the term “aluminum lung” 
is justified, It is our opinion, on the contrary, that mullite and especially amorphous 
silica are the harmful substances producing this disease. (in the basis of our recent 
animal experiments with fine amorphous silica and of reports on injury caused in 
the production of ferrosilicon (“‘pancheri”), in which the importance of amorphous 
silica has also been stressed, we are now inclined to implicate the latter as the main 
etiologic factor and mullite as an additional contributing agent. 
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ACUTE CARBON MONOXIDE POISONING 


An Analysis of One Hundred Five Cases 


J. WISTER MEIGS, M.D. 


NEW HAVEN, CONN. 
AND 


J. P. W. HUGHES, M.D. 
BIRMINGHAM, ENGLAND 


ARBON monoxide poisoning has been studied extensively.'*” However, there 

have heen few compilations of all major clinical and laboratory findings on the 
same group of patients. The present investigation was prompted by the occurrence 
of severe skin lesions with localized gangrene in a carbon monoxide victim. An 
analysis was then made of records of 105 patients admitted to the New Haven unit 
of the Grace-New Haven Community Hospital between Jan. 1, 1920, and Dec. 31, 
1948, with a diagnosis of acute carbon monoxide poisoning. The results offer new 
information regarding the frequency of several manifestations previously considered 
rare and bring out the correlation of certain signs and findings with severity of 
poisoning. They also emphasize extraordinary variability in the clinical picture of 
this disorder. 

It was apparent that some signs had prognostic value. For example, mental 
relapse after recovery of normal mental status (‘“pseudorecovery”) was obviously 
serious. To develop more information about the significance or prognostic value of 
various manifestations, cases were divided into severity groups and the incidence of 
findings determined for each group. Since the histories were rarely exact and since 
determinations of carbon monoxide content in the blood of patients were not per- 
formed often enough or sufficiently promptly after admission to assess exposure, the 
duration of hospital stay was used to divide cases into severity groups. The classi- 
heation “mild” included the cases of patients who were in the hospital up to two 
days; “moderate,” from three through six days, and “severe,” seven days or more, 


except that those of patients who died were automatically listed as “severe.” Two 
objections to this method of assessment may be mentioned. First, the duration of 
stay was dependent on the opinion of the physician looking after each patient, and 
in 29 years there were many different physicians and opinions. Second, and more 
unportant, advanced age and the presence of other diseases at the time of exposure 
tended to lengthen the hospital stay. There were 46 cases in the “mild,” 22 in the 
“moderate,” and 37 in the ‘ 


“severe” group. 


From the Section of Occupational Health, Department of Public Health, Yale University 
School of Medicine. 

1. (a) Drinker, C. K.: Carbon Monoxide Asphyxia, New York, Oxford University Press, 
1938. (b) von Oettingen, W. F.: Carbon Monoxide: Its Hazards and the Mechanism of Its 
Action, Public Health Bulletin No, 290, Federal Security Agency, U. S. Public Health Service, 
1944. (c¢) Shillito, F. H.; Drinker, C. K., and Shaughnessy, T. J.: The Problem of Nervous 
and Mental Sequelae in Carbon Monoxide Poisoning, J. A. M. A. 106:669, 1936. 
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MEIGS-HUGHES—ACUTE CARBON MONOXIDE POISONING 


CLINICAL FINDINGS 


Table 1 summarizes the major abnormal findings in the 105 patients. The 
divisions into categories of severity are omitted from this table, but the results of 
statistical determinations as to correlation of findings with severity are noted. 
Thirteen major findings were significantly commoner in the “severe” group, namely, 
abnormalities of the nervous system, lungs, and skin; excessive sweating, palpable 
liver, localized edema, bleeding tendency, and “pseudorecovery”; temperature of 
102 F. or higher, respirations of 30 per minute or higher, leucocyte count of 18,000 
per cubic millimeter or higher, albuminuria, and abnormal urinary ‘sediment. Nine 
manifestations had no clear-cut relationship with severity, namely, suffusion of the 
mucous membranes, abnormalities of the blood pressure, irregular cardiac rhythm, 
localized edema, pulse rate 110 per minute or higher, vomiting, headache, erythro- 
cyte count of 5,200,000 per cubic millimeter or higher, and glycosuria. The two 


Taste 1.—Numbers of Cases with Major Abnormal Findings 


No. of 
Cases 
Manifestations Vital Signs 

Abnormal mental state (admission).... ¢ Pulse 110 min. or higher (ist 48 hr.) 
Neurological abnormalities (admission)*. : Respirations 30/min. or higher (ist 48 hr.)* 
Abnormal skin color (admission)*....... Blood pressure (Ist 24 hr.) 
Suffused mucous membranes (admission) i 140/90 or higher. 
Vomiting (admission) Temperature lo F. or higher (ist 48 hr.)* 
Headache (ist 48 
Skin lesions (any time during illness)*. 
Excessive sweating (Ist 24 hr.)*. 
Palpable liver (adslssion)* Albuminuria (ist 48 br.)* 


Glycosuria (ist 48 hr.) 
Localized pain or soreness (any time dur 
ing illmess) ..... 4 Sediment abnormal (Ist 48 hr.) 


Urinary Findingst 


Irregular cardiae rhythm (admission). 
Localized edema (st 24 hr.) : Blood Findingst 


Evidence of bleeding (any time during ill Rbe 5.2 million eu. mm. or higher (Ist 48 


ness)* hr.) 


Whe 18,000 cu. mm. or bigher (ist 24 15 


* These findings occurred significantly more frequently (¢ 20 or greater) in patients with “severe” 
poisoning 

+ Each statistical caleulation was made from only those case records with definite statements as to the 
performance of a particular test or the oceurrence of a finding. Thus, there were from 87 to 89 cases in 
which laboratory findings were reeorded. Reeords of 100 to 105 cases were suitable for study of vital signs 
and other manifestations. 


remaining major findings, namely, abnormality of mental state and localized pain 
or soreness, had special features which will be presented individually. 

Analysis of mental status on admission is given in Table 2\. Every abnormality 
of mental status was included, and 98 out of 103 patients admitted within 24 hours 
of carbon monoxide exposure showed some mental abnormality. Therefore no corre- 
lation of this factor with severity could be expected. As might be expected, coma on 
admission correlated statistically with severity. Abnormal emotional responses in 
persons acutely poisoned by carbon monoxide was a prominent feature, shown by 
disorientation, excitement, depression, or apprehension in 24 patients. 

A variety of neurological responses is shown in Table 2B. Central nervous 
system injuries occurred without apparent pattern. For example, the abnormal 
reflexes were hyperactive, hypoactive, or absent, being hyperactive about four times 
as frequently as hypoactive or absent. But hyperactivity and hypoactivity were 
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also combined in the same patients, with arm reflexes either more or less active than 
knee or ankle jerks. Several patients had unequal reflexes on the two sides of the 
body. ‘Twelve patients had positive, and six had equivocal, Babinski responses on 
admission. In one of the latter the response became positive within 24 hours. Table 
2C shows a similar lack of pattern in the various abnormal eye signs. 

Incontinence showed a strong positive correlation with severity. Urinary and 
fecal incontinence occurred independently and also together. Urinary incontinence 
alone was more frequent than fecal alone. Incontinence did not necessarily stop 


when the patient became conscious and oriented. The duration of incontinence was 


Paste 2.—Analysis of Selected Admission Findinas 


Abnormal Mental Status 
No of 
Cases 
Excited 
Depressed 
Disorientated Il Apprehensive 
Nervous System Abnormatities* 
Abnormal reflexes 73 Paralyses* 
\bnormal eye signs 43 Cheyne-Stokes respirations* 
Tremor or shivering Muscle fibrillation 
Spasticity* | Athetosis 


Ineontinence* 21 
\bnormal Eye Signs* 
ive of Pupils Other Signs 
Contracted 4 Nystagmus 
Dilated Absent corneal reflex 
Unequal 5 Strabismus 
Irrewular 4 Ptosis (one or both sides) 
Pupillary Reaetions 

React shigwishly to light 10 Do not reaet to light 

Abnormal Skin Color* 


Cyanotic’ 43 Cherry lips or skin 
Flushed 28 Pale 
Pink 13 


Mucous Membranes 
Abnormal Oropharynx 
Red or injected pharynx 36 Uleer on tongue 
Edema of oropharynx Blister on tongue 
Sore mouth or throat Bleeding gums 
Keely tongue 2 


Other Abnormalities 


Conjunetivae suffused 26 Nasal serosanguineous discharge..... 
Nasal mucosa injected s 


* Positive correlation with severity 


noted mm 13 cases and varied from 24 hours to 16 days, with 7 cases falling within the 
first 3 days. Among the patients with urinary incontinence, four had bladder dis- 
tention and overflow. One patient, incontinent of urine for several days after 
admussion, was found to have a urethral stricture and neurogenic bladder (but no 
incontinence ) four months after carbon monoxide exposure. 

Other abnormal neurological signs were generally transitory. These included 
tremor, shivering, muscle fibrillation, athetosis, spasticity, paralyses, and Cheyne- 
Stokes respirations. Prolonged sensory changes were recorded only rarely, but one 


patient had a combination of severe sensory and reflex changes lasting 12 days. 
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During this period, he suffered headache, pains mm the arms and legs, numbness 
and tingling of the hands and feet, and hypesthesia and hypalgesia over the distri- 
bution of the lower four cervical and the last lumbar and first sacral nerves. His 
reflexes were absent for some days but gradually returned to normal. 

Abnormal skin color, shown in detail in Table 2D, was of interest in that 
cyanosis or flushing, or in several cases a combination of the two, was much more 
frequently observed than the commonly deseribed cherry-colored or pink skin or 
lips. Abnormalities of the mucous membranes are listed in detail in Table 2E, 
illustrating the many different findings in patients acutely poisoned by carbon mon- 
oxide. The unusual manifestations, such as ulcer or blister on the tongue, beefy 
tongue, bleeding gums, nasal seroanguineous discharge, edema of the oropharynx, 
and sore mouth or throat, are presumed to be part of the picture of carben monoxide 
poisoning as seen clinically. Search was made for preexisting disease in these cases, 
but none was found. Irritant gases or substances probably played their part. How- 
ever, the aforementioned findings in the mucous membranes were seen in patients 
poisoned by illuminating gas as supplied in the city of New Haven during this ; 
period,* as well as in victims of smoke or other products of incomplete combustion. 

Table 3 shows that abnormalities of the lungs were seen in 52 patients in the first 
48 hours. Fine, medium, coarse, or bubbling rales or rhonchi were the commonest 


3.—Kespiratory Tindings m First Forty-Eight Hours 


No. of No. of 

(Cases 
Rales . ‘ 45 Suppression of breath sounds 


* Three of these eight patients had pink or bloody froth and are also mentioned in Table & 


signs. Rales were transitory and were noted in different parts of the chest on 
successive days in a number of cases. Pneumonia was suspected several times, but 
the diagnosis was not established clinically in any case and chest x-ray films did not 
show any frank consolidation. 


Skin lesions occurred in 31 patients, 26 being in the “severe” group, with 


papules, vesicles, swelling, edema, induration, ulceration, abscess, and dry gangrene 
limited to this group. Table + shows that erythema was the commonest finding. The 
lesions were frequently diagnosed as “burns” even when the history stated that 


poisoning was due to unlit illuminating gas. A possible relationship of the lesions to 
carbon monoxide poisoning was recognized by the attending staff in four cases. 
Table 5 shows that every region of the body was the site of one or more skin lesions. 
The obvious pressure areas, namely, the back, hips, buttocks, and sacrum, had more 
than one third of the total lesions, although pressure was not an invariable factor ; 
three out of six lesions recognized a week or more after admission were not over the 
usual pressure areas. In many cases there was delay in recording of skin lesions, 


2. From 1910 to 1930, illuminating gas supplied in the city of New Haven contained a large 
percentage of carburetted water gas, with carbon monoxide, 15 to 20%; hydrogen, 40 to 50%: 
methane, 10 to 20% ; nitrogen, 10% ; ethane and propane, 5% ; oxygen, less than 1%, and carbon 
dioxide, 1 to 2%. After 1930, coke-oven gas was used much more extensively, with carbon 
monoxide, 8 to 10%, and methane, up to 25%. 
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in one as late as the 17th hospital day. But the table shows what was apparent from 
the case records, that skin lesions either developed or progressed many days after 
the original poisoning and long after blood carbon monoxide had returned to normal 
levels. 

kighteen patients had irregular cardiac rhythm diagnosed on admission. Of 
these, seven had premature beats, three had totally irregular rhythm, and the 
remainder had unclassified irregularities. Electrocardiographic tracings for 12 
patients, including some of those with irregular rhythm on admission, showed two 
cases of ventricular premature beats, two of auricular fibrillation, one of atrioven- 
tricular nodal rhythm, one with an abnormal T-wave in lead I, and one with very 


Taste 4.—T ypes of Skin Lesions Seen at Any Time During Illness 


No. of No. of 
Lesions* Lesions* 
Cireumseribed erythema — Swelling, edema and or induration ae 
Abrasion or “raw area’. ~ Ulceration and or abscess 


Kechymosis Dry gangrene .. 


* Individual lesions were tallied separately. There were 72 individual lesions among 31 patients with skin 
lesions 


Taste $.—Skin Lesion—Sites and Times Reported* 


Admission  Di-De Da-Ds Dz-Die Dis-Dit Total 
Head, neck 
Shoulders. . 
Arms, hands, fingers 


Chest, abdomen... 
Back 

Hips 

Buttocks, sacrum 
Thighs, legs, feet 
Generalized 


om 


Total 


* Two patients in whom minor lesions of the skin developed on the 34th and 38th days, respectively, are 
not included, since it seemed likely that the lesions were pressure sores of the usual variety. 


large complexes in all three leads. The remaining five tracings were normal, but the 
majority were made after the second hospital day. 

The liver edge was palpable in the first 24 hours in 23 of 100 cases in which 
abdominal examination was recorded. The correlation of this finding with severity 
is noted in Table 1. It appeared that liver enlargement was the result of poisoning 
rather than the cause of the cases being classified as “severe,” since of seven patients 
whose liver edge was first felt 2 cm. or more below the costal margin four showed 
return of the liver to normal size and density (no longer palpable) before the 12th 
hospital day. Other abdominal findings included either muscle resistance to palpa- 
tion, or distention or both in five cases. Distention lasted two weeks in one patient. 
\ palpable spleen was not recorded in any case. 

I:xcessive sweating was noted in 30 patients in the first 24 hours and was 
prominent enough to be noted again in 5 patients one or more times after the 5th 
hospital day and in one severely poisoned patient as late as the 28th day. 
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Twenty patients complained of pain or soreness in one or more regions of the 
body in the course of their illness. These regions are listed in Table 6. The onset 
of pain occurred as late as the sixth hospital day, and the duration was up to two 
months. There were proportionately more cases with this symptom in the “severe” 
group, but the excess is not statistically significant. 

Localized edema occurred in 13 cases in sites noted in Table 7. There were no 
obvious underlying causes except in one case in which there was thrombophlebitis 
and edema of the same leg. Edema was directly associated with skin lesions in two 
cases ; however, these were excluded from Table 7, which presents edema as an 
independent sign. 


TaBLe 6.—Sites of Localized Pain or Soreness Noted in Twenty Cases 
at Any Time During Iliness 


No. of No. of 


Tasi_e 7.—Sites of Localized Edema Noted in Thirteen Cases During First Twenty-Four Hours 


Legs or shins i Face or eyelids..... 
Ankles Hands or arms........... 
Oropharynx 


Taste 8.—Evidences of Bleeding * Noted in Eleven Cases at Any Time During Illness 


Red cells in spinal fluid........... Hematuria 

Developed anemia i Serosanguineous nasal discharge 
Bloody froth at mouth ’ Petechiae on hard palate 

Blood in stools............. sea. Bleeding gums 

Bloody sputum 


* Eechymosis was not included, because it occurred chiefly in patients with other skin lesions and seemed 
to be a part of that phenomenon. 

The information on bleeding tendencies shown in Table 8 was compiled because 
signs of bleeding from a site within the body seemed to represent a detectable mani- 
festation of a single process. That is to say, the 11 patients showing signs of internal 
bleeding had group characteristics. As noted in Table 8, cases of ecchymosis were not 
listed as cases with evidence of bleeding but appear in Table 4 as skin lesions. This 
separation was made because pressure, heat, direct trauma, or other external forces 
seemed important in the localization of certain skin lesions. Ecchymoses usually 
occurred as a part of other abnormalities in the skin and, therefore, could not be 
presumed due purely to a hemorrhagic tendency. The evidences of bleeding listed 
in Table 8 were not related to any type of external physical factor. Six patients 
had only one sign of internal bleeding, while the other five had two or more. 


Cases Cases i 
: 
—— 
; 
ete No. of No. of 
Cases Cases A 
No. of No. of 
(ases Cases 
1 
~ 
| 
| 
a 
Ft 
| 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


\Il nine “pseudorecoveries” occurred between the day of admission and _ the 
fourth day. The relapses were noted from the 2d to the 18th day. Four patients 
died, two had serious permanent personality changes, and three recovered. One ot 
the latter had two mental relapses in the first two weeks and was not considered 


normal until a vear after the carbon monoxide exposure. 


DEATHS 

There were seven deaths in the hospital in this series. Three were of women, 
ranging in age from 22 to 53 years. The ages of the four men were from 57 to 86 
years. All were of the white race. Six deaths were due to illuminating gas. Two of 
these were accidental, and the other four suicidal. The remaining death was acci- 
dental, from improper combustion of a gas heater, with no carbon monoxide in the 
supplied gas. Deaths occurred from the Ist to the 19th hospital day, with five 
occurring in the first five days. There was a highly significant positive correlation 
of elevation of temperature to 102 F. or more in the first 48 hours, incontinence, 
and “pseudorecovery” with subsequent death. There was a significant positive 
correlation of abnormal neurological signs or irregular cardiac rhythm on admission, 


Taste 9—Erythrocyte Counts in First Forty-Eight Hours 


Red Cells, Million Cu Mm 
Depressed Normal Elevated 
(4.0 or Less), (4.01 to 5.19), (5.2 or More), Total 
No. of Cases No. of Cases No. of Cases No. of Cases 


Male x 2 59 
Female § 29 


excessive sweating in the first 24 hours, rales or rhonchi in the chest, elevation or 
abnormality of the blood pressure, respirations of 30 per minute or more, elevation 
of the erythrocyte count to 5,200,000 per cubic millimeter in the first 48 hours, 
and an evidence of bleeding or skin lesions occurring at any time during illness with 
subsequent death. 
LABORATORY FINDINGS 

erythrocyte counts, leucocyte counts, and urinalyses were performed in 8&8, 89, 
and 87 cases, respectively. Table 9 summarizes the erythrocyte counts in 88 patients 
tor whom an erythrocyte count was made in the first 48 hours. Both depression 
and elevation of red cell counts were recorded. Of 12 patients with counts of 
$000,000 per cubic millimeter or less, one had a previous history of pernicious 
anenna and one was a 3-month-old infant. Four others were women over 50 years 
of age poisoned by illuminating gas, three in frank suicidal attempts. It appeared 
irom these data and statistical correlations that a low initial erythrocyte count was 
probably not caused by acute carbon monoxide poisoning. On the other hand, 
definite anemias developed in three patients after a week or more in the hospital. 

Ilevated erythrocyte counts seemed to be a part of the picture of this disease, 


occurring almost as frequently in the “mild” as in the “severe” group. The table 


shows that 27 of 88 patients had counts of 5,200,000 per cubic millimeter or greater 
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in the first 48 hours, with a preponderance of high counts in males. Fourteen 
counts were 5,500,000 per cubic millimeter or greater, the highest being 7,200,000. 
To throw further light on the significance of the initial red cell count, all cases were 


studied in which two or more red counts were performed. There were 30 of these, 


Carbon Monoxide Poisoning 


Within lst 24 Hours After 


48 hr. 
Mild Moderate Severe | Severe 


Eosinophiles 


Basophiles 


Leucocyte counts: Normal compared with counts in carbon monoxide poisoning. 


of which 20 had a higher figure on the first count than the second. Although the 


sample was too small for statistical significance, it suggested that some factor in 
acute carbon monoxide poisoning might be causing a temporary elevation of the 
erythrocyte count. 

Leucocyte counts were made in the first 24 hours in 89 cases. The chart shows 


mean numbers per cubic millimeter of all types of leucocytes in cases grouped 
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according to severity of poisoning. To compare leucocyte counts in the first 24 hours 
with the leucocyte picture after carboxyhemoglobin had been practically eliminated 
from the blood, all counts after 48 hours in the “severe” group were analyzed. 
Normal figures are also given as a guide. The total leucocyte count was significantly 
greater in the “severe” group than in the “mild” group in the first 24 hours 
(t= 2.97). Total leucocytes were also greater in the “severe” group in the first 
24 hours than in the same group after 48 hours (¢ = 3.3). These differences were 
due almost entirely to differences in the neutrophile counts. Thus, neutrophiles were 
also greater in the “severe” than in the “mild” group in the first 24 hours (t = 3.5). 
Neutrophiles were also greater in the “severe” group in the first 24 hours than in 
the same group after 48 hours (¢ = 3.7). Two patients had white cell counts over 
50,000 per cubic millimeter, the highest being 64,000. 

Lymphocytes were lower in the “moderate” and “severe” than in the “mild” 
group in the first 24 hours. By combining these “moderate” and “severe” groups, 
it was found that there was a significant difference between them and the “mild” 
group (f 2.4). 

kosinophiles were lower in the “severe” group in the first 24 hours than in any 
other group, Comparison of the figure 32 + 18 with the mean figure for the other 
three groups combined (104 + 20) showed a significant difference (t = 2.7). 


Tarte 10.—Urinary Findings in First Forty-Eight Hours 


Albuminuria .. Casts in Sediment 
Glycosuria Hyaline 
\cetonuria 7 Granular 
Pyuria* 

Hematuria® 


* Causes of very rare red cells or rare white cells in the sediment were excluded from this table. 


There was a higher mean monocyte count in the “severe” group both in the first 
24 hours and after 48 hours than in either the “mild” or the “moderate” groups. The 
ditterence (f == 1.8) did not reach the point of statistical significance. It may have 
been influenced by the presence of more young leucocytes in the “severe” group. 
Certain cells of the myelocyte series are hard to distinguish from monocytes. There 
was a notation about voung forms of the neutrophile series in 13 counts of the 
“severe” and in 10 of the “mild” and “moderate” groups. These figures include both 
admission and later counts in each category of severity. The 13 “severe” cases 
showed a mean of 4,685 nonfilamented and 13,876 filamented forms per cubic milli- 
meter. The 10 “mild” and “moderate” cases had a mean of only 1,460 nonfilamented 
and 9161 filamented forms per cubic millimeter. This suggests greater opportunity 
for listing myelocytes as “monocytes” in the “severe” group. 

There were no significant differences in the basophile counts in the various 
groups, although mean counts were lower in the “severe” than in the other two 
groups. 

Depression of the initial white cell count to 5,500 cells per cubic millimeter or 
less was observed in two cases, both in the “severe” group, in one of which the 
patient died. The lowest count noted in the entire series was 4,200. 

lable 10 summarizes urinary findings in the first 48 hours. Albuminuria was 
generally minimal, with only two patients showing reactions of 3+. In nine cases 
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albumin disappeared within 24 hours of the patient’s admission. In 10 cases it 
persisted for periods varying up to 14 days. In 21 cases the duration of albuminuria 
was not recorded. Glycosuria was usually minimal. Two of the three patients with 
4+ reactions for sugar were known diabetics. Glycosuria tended to disappear in 
the first 24 hours, although in one case it lasted three days. In listing hematuria 
and pyuria, cases in which very rare red cells or rare white cells were found in the 
urinary sediment were excluded. Abnormal numbers of cells and casts tended to 
disappear from the urinary sediment by the end of the first week in the hospital. 

The nonprotein nitrogen level in the blood was determined in 41 cases. It was 
40 mg. per 100 cc. or higher in nine cases, the highest being 77 mg. per 100 cc. 
Stools were tested for occult blood in 20 cases, with a positive test in two of them. 
One patient whose stools were not tested had flecks of gross blood in the initial 
bowel movement. The stool guaiac test continued positive in one patient for 17 days. 

Lumbar puncture was performed in 16 cases. None of the patients had abnormal 
pressure. Three had four or more white cells per cubic millimeter (the highest 
count was 19, of which 16 were mononuclear), and five had red cells in the spinal 
fluid. One of these five specimens was a bloody tap. 

A blood test for carboxyhemoglobin was performed in 14 cases. It was positive 
in all but one, and this patient had 12 hours of treatment in the hospital before the 
test was performed. The highest carboxyhemoglobin reported was 52%. The infre- 
quent performance of the test and the variation in the intervals between exposure 
and testing made evaluation of this test impractical. 


EPIDEMIOLOGY 
The following factors were recorded and studied: age, sex, race, occupation, 
source, other poisons, suicidal attempts, and severity. There were 60 patients in the 
O to 49 year age group and 45 who were 50 years of age or over. Seventy-three 
were male and 32 were female; 90 were of the white race, 9 were Negroes, 1 was 
Chinese, and for five patients race was not recorded. Age and race showed no sig- 
nificantly abnormal distributions in the three severity groups. Occupational poison- 
ing occurred in 16 cases; all these patients were male. In two cases the source of 
the poison was illuminating gas (at the gas works), in seven, incomplete combustion 
(chiefly firemen), and in seven, engine exhaust (chiefly truck drivers). In only 
two occupational cases was the condition severe; both patients were men under 50, 
one poisoned by engine exhaust and the other by incomplete combustion of a gas 
heater. 

The source of carbon monoxide was illuminating gas (unlit) in 64 cases, incom- 
plete combustion from stoves or fires in 27, and engine exhaust in 12. Source was 
not recorded in two cases. Other poisons included alcohol in 14 cases, 13 of these 
being suicidal attempts. In the latter, barbiturates were also used in three cases and 
iodine in one. Suicidal attempts accounted for 37 cases, in 22 the patients being 
men, Of the 37 attempts, 36 were by illuminating gas and one by engine exhaust. 

Study of source in relation to types of clinical manifestations showed that 
abnormal findings of all types, including skin lesions, were seen in patients poisoned 
by carbon monoxide from any of the three sources. The extent of the lesions seemed 
to depend largely on severity of poisoning rather than on source of carbon monoxide. 
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COMMENT 


The prominent manifestations of acute carbon monoxide potsoning, as observed 
in 105 patients in the New Haven Hospital, have been presented in some detail to 
provide certain new information and a background for further study of the mecha- 
nisms of poisoning in this condition. The frequent occurrence of abnormal respira- 
tory findings and skin lesions has not been emphasized in the English literature, 
although Binet and Conte * observed them in a majority of their patients. Excessive 
sweating, liver enlargement, localized pain or soreness, and localized edema have 


received almost no mention previously. Evidences of bleeding and “pseudorecovery” 


have been described but are considered rarities '*° whereas they occurred in about 
10% of this series. 

Variations of vital signs from the normal are well known in this disorder. The 
serious prognostic significance of elevated temperature or respirations in contrast 
to elevated pulse or abnormal blood pressure is brought out in this group of 
patients. Furthermore, our data suggest that, although a low blood pressure on 
admission oecurred somewhat less often than an elevated one, it probably had about 
the same meaning. 

Laboratory findings were of particular interest. Increased erythrocyte counts 
have often been observed in chronic carbon monoxide poisoning ; however, although 
they are mentioned as occurring in acute carbon monoxide poisoning,'* we have not 
found any statements as to the actual levels seen. The occurrence in 27 of 88 acutely 
poisoned patients of 5,200,000 red cells or more per cubic millimeter suggests that 
this finding should be considered an important part of the picture of acute carbon 
monoxide poisoning. This increased red cell count may be due to contraction of the 
spleen. [Experimental work ' shows that splenic contraction may occur in the cat 
with blood carboxyhemoglobin levels as low as 8%. In this series of patients there 
was no record of a palpable spleen, in contrast with the frequent occurrence of a 
palpable liver. 

The occurrence of leucocytosis in acute carbon monoxide poisoning has been 
described,'*" but its extent and character have received little if any attention. The 
Chart suggests that the careful making at the time of admission of a total leucocyte 
count, a differential count, and a total eosinophile count should have prognostic 
value. \ large increase in the number of neutrophiles or a profound reduction in 
eosinophiles would suggest serious poisoning. drop in lymphocytes to two-thirds 
the normal value might indicate either moderate or severe poisoning, whereas a 
patient showing only a moderate increase in neutrophiles and not a great reduction 
in the eosinophile count at the time of admission might be expected to recover 
rapidly.” These findings and conclusions regarding different types of leucocytes are 

3. Binet, L., and Conte, M.: Etude de 136 cas d'intoxication oxycarbonée aigue, Semaine 
hop. Paris 22:1938, 1946 

4. deBoer, S., and Carroll, D. C.: The Mechanism of the Splenic Reaction to General CO 
Poisoning, J. Physiol. 59:312, 1924. 

5. A single leucocyte and differential count as performed routinely is only moderately 
accurate. The comments made here about using the eosinophile count as a prognostic index 
are based on the assumption that counting errors were largely random ones which could be 
expected to cancel each other out in the 116 counts subjected to analysis. The absolute accuracy 
of eosinophile counts was considered to be less important than the statistically significant differ- 
ence between those in the “severe” and other groups. 
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consistent with recent work on stress and adrenocorticotropic hormone and cortical 
hormone as causes of temporary eosinopenia.“’” Neutrophilic leucocytosis has been 
observed following cerebral hypoxia.’. Lymphopenia also occurs following a variety 
of stresses.” 

Abnormal findings in the urine of patients poisoned by carbon monoxide have 
been known for many years.” Glycosuria has been described most frequently, but 
albuminuria was noted twice as often as glycosuria in this series. Abnormalities of 
the urinary sediment would appear to deserve more attention as an indication of 
severity, 

Klevation of nonprotein nitrogen was emphasized by Binet and Conte * as a 
grave sign. Our series was not directly comparable, as there were only 7 deaths 
among 105 patients compared with 23 deaths in their series of 136 patients. The 
nonprotein nitrogen was determined for only two of the seven patients who died 
and was elevated in only one of these. There were no marked elevations of nonpro- 
tein nitrogen in our series. Although slight elevations of nonprotein nitrogen were 
commoner in the “severe” group, no conclusions could be drawn as to the prognostic 
value of this sign. 


The occurrence of bleeding tendencies in 11 patients and the correlation of this 
manifestation with severity suggest that it should be sought in every case of acute 
carbon monoxide poisoning. The guaiac test should be performed on stool specimens 
for the first two days, and the urine sediment should be examined carefully for red 
cells. The occurrence of red cells (in five cases) was the most frequent abnormality 


observed in the spinal fluid. Lumbar puncture might be considered as an additional 
prognostic aid in case of patients with other signs of severe carbon monoxide 
poisoning. 

Klectrocardiographic tracings of patients with acute carbon monoxide poisoning 
should be of interest if performed within the first hour of the patient’s admission 
to the hospital. The few tracings made in this series contirmed the occurrence of 
transient arrhythmias, including auricular fibrillation and ventricular premature 
beats. Their frequent occurrence in “mild” poisoning suggested that they may be 
precipitated in suitable subjects by hypoxia of only moderate degree. This, in turn, 
indicated a nervous factor, with a humoral component, as the main cause. 

Detailed discussion of the significance of the various manifestations of acute 
carbon monoxide poisoning will be presented in a later publication. However, it 
can be said that statistical studies of the data indicate that the manifestations fall 
roughly into two groups. The first includes rapid pulse, abnormal blood pressure, 
irregular cardiac rhythm, suffusion of the mucous membranes, localized edema, 


6. (a) Thorn, G. W.; Forsham, P. H.;: Frawley, T. F.; Hill, S. R.; Roche, M.; 
Staehlin, D., and Wilson, D. L.: The Clinical Usefulness of ACTH and Cortisone, New England 
J. Med. 242:783, 1950. (b) Penneys, R.; Thomas, C. B., and Lewis, R. A.: 
Number of Circulating Eosinophils Following Induced Anoxemia, 
86:102, 1950. 

7. Smith, D. C., and Brown, F. C.: Effects of Acute Decompression Stress upon Some 
Blood Components, Especially Leucocytes in Intact and Splenectomized Cats, Am. J. Physiol. 
164:752, 1951. 

8. Dougherty, T. F.. and White, A.: Influence of Hormones on Lymphoid Tissue Structure 
and Function: The Role of the Pituitary Adrenotrophic Hormone in the Regulation of the 
Lymphocytes and Other Cellular Elements of the Blood, Endocrinology 35:1, 1944. 

9. Lewin, L.: Die Kohlenoxydvergiftung, Berlin, Springer-Verlag, 1920, p. 207. 
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tremor, headache, vomiting, elevation of the erythrocyte count, and glycosuria. 
These signs and symptoms seem to be evoked in susceptible patients by an expo- 
sure to carbon monoxide sufficient for them to need hospital care. The manifesta- 
tions in this group suggest disturbed function of the autonomic nervous system. 
However, the response of the body can evidently be maximal, even though no 
serious damage has been done, since many of these findings tended to be as 
common in the “mild” as in the other groups. 

In contrast, a second group of findings showed significant correlation with 
severity. Neurological abnormalities, abnormal skin color, chest signs, skin lesions, 
sweating, palpable liver, localized edema, evidence of bleeding, “pseudorecovery,” 
elevation of temperature to 102 F. or higher, respirations of 30 per minute or more, 
leucocyte count of 18,000 per cubic millimeter or greater, albuminuria, and abnormal 
urinary sediment were all significantly commoner in the “severe” group. Injury 
to the oxygen-sensitive cells of the central nervous system seemed to be the common 
denominator in this group, with associated stimulation of pituitary-adrenal mecha- 
nisms. A combination of severe hypoxic injury to the brain and marked disturbance 
of the autonomic nervous system seemed to indicate a poor prognosis, since the 
seven patients who died exhibited evidence of such a combination. 


SUMMARY 

An analysis is presented of findings in 105 patients admitted to the Grace-New 
Haven Community Hospital between Jan. 1, 1920, and Dec. 31, 1948, with a diag- 
nosis of acute carbon monoxide poisoning. A number of manifestations previously 
considered unusual were shown to be common in this series, namely, skin lesions, 
transient respiratory findings, excessive sweating, liver enlargement, localized pain 
or soreness, and localized edema. All these signs except pain or soreness and edema 
were shown to correlate statistically with severity of poisoning, as were nine 
others, namely, abnormalities of the nervous system or skin color, evidence of 
bleeding, “pseudorecovery,” temperature of 102 I. or higher, respirations of 30 per 
minute or higher, leucocyte count of 18,000 per cubic millimeter or higher, albumi- 
nuria, and abnormal urinary sediment. Study of differential counts of leucocytes 
showed that neutrophiles were about three times the normal level, while lymphocytes 
and eosnophiles were significantly lower than normal in severely poisoned patients. 

Nine manifestations were almost as common in patients with mild as with severe 
poisoning, namely, suffused mucous membranes, irregular cardiac rhythm, localized 
edema, vomiting, headache, pulse rate of 110 per minute or higher, abnormal blood 
pressure, erythrocyte count of 5,200,000 per cubic millimeter or higher, and gly- 
cosuria, It is suggested that the latter group of findings are precipitated by responses 
of the autonomic nervous system and that the extent of response is a function of 
the individual more than of the degree of intoxication. In contrast, the signs which 
correlate with severity may be manifestations of direct hypoxic injury to the oxygen- 
sensitive cells of the brain as well as stimulation of pituitary-adrenal mechanisms. 
Despite the existence of general characteristics of acute carbon monoxide poisoning, 
individual patients showed widely variable manifestations within the general frame- 
work observed. 
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CHRONIC ORAL TOXICITY OF CHLORDAN TO RATS 


LESTER INGLE, Ph.D. 
URBANA, ILL. 


HLORDAN 
is a member of the chlorinated hydrocarbon series of insecticides which has 


extensive agricultural and household use. This necessitates thorough investiga- 


tions concerning its toxicological properties from both the acute and the chronic 
standpoints. 


Studies ' concerned with acute toxicity to rats have established the L. D.5o at 


approximately 250 mg. per kilogram of body weight (when administered intragas- 
trically in corn or olive oil). Also well established is the fact that this figure varies 


considerably with age, weight, and an apparent differential in inherent susceptibility 
of rats to chlordan. For example, the minimum lethal dose administered intra- 


gastrically may be as low as 50 mg. per kilogram for young rats weighing 50 to 75 


gm. Rats weighing on the average of 150 gm. may also be killed by administration 


of 50 mg. per kilogram, while others of the same age and weight may survive 350 to 
400 mg. per kilogram. Rats weighing from 300 to 450 gm. may survive 500 mg. 
per kilogram of chlordan, and the L. D.59 for rats of this weight range appears to 
be between 375 and 425 mg. per kilogram. These results merely emphasize that 


chlordan, like other chlorinated hydrocarbon insecticides, shows a wide range 


between the minimum lethal dose and the L. D.,90. Inherently, chlordan possesses 
a toxicity to rabbits which is fairly comparable to that of chlorophenothane (DDT) 


—between 40 and 50 mg. per kilogram when injected intravenously in lecithin or 
‘ in sorethytan 80 monooleate (tween® 20). 


The investigations to be reported in this paper are the results of a two-year i 
experiment concerned with the chronic oral toxicity of chlordan to white rats. 
‘ Young from our colony of Osborne-Mendel strain were randomized among six 
different groups so that each experimental group consisted of 20 males and 20 
females. Males of each group ranged from 50 to 55 gm. and females from 40 to 45 
gm. in body weight at the beginning of the experiment. They were maintained 
singly in cages in a temperature-controlled room. 


Their food consisted of laboratory chow pellets of a commercial grade supple- 
mented with vitamins. Food and water were constantly present in each cage. The 
pellets used for all experimental groups were impregnated with chlordan in 95% 
ethyl alcohol and allowed to dry before use. 


siological assays using house flies and 


From the Department of Zoology, University of Illinois. 
The chlordan used was technical chlordan supplied by the manufacturer, Velsicol Corpora- 
tion, Chicago. 

1. Ingle, L.: Toxicity of Chlordan to White Rats, J. Econ. Entomology 40:264, 1948. 
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\merican roaches indicated that the chlordan was evenly distributed in the food. 
Control rats received food treated in every way the same as that for the experimental 
groups except that no chlordan was added. 

Accurate measurements of food consumption were taken on alternate days, and 
the quantity of chlordan consumed was calculated. The rats were weighed twice 
a week. 

Six groups, each with 20 males and 20 females, made up the experiment. One 
group constituted the controls; the remaining groups received food impregnated 
with chlordan at levels of 5, 10, 30, 150, and 300 ppm, respectively. 

The first noticeable symptoms of chlordan intoxication for rats are hyper- 
excitability and increased sensitivity. These may terminate in rather violent con- 
vulsions which last for 39 seconds to a minute and are followed for several minutes 
by deep depression and prostration, after which the animals appear normal until 
the next seizure. Convulsions can frequently be induced by a jet of air, metallic 
sounds, or occasionally by merely opening the cage. 

Spontaneous tremors were first apparent in the group of rats receiving chlordan 
at a level of 300 ppm. The tremors were mild and appeared near the end of the 
12th week of the experiment; after several days most of the rats showed apparent 
recovery. Those receiving 150 ppm exhibited no hyperexcitability, tremors, or con- 
vulsions until the 26th week, after which convulsions could be induced or, in a few 
cases, appeared spontaneously. The group receiving 30 ppm of chlordan showed no 
spontaneous convulsions during the course of the experiment, although after 80 
weeks tremors could be induced in four females and two males. No spontaneous or 
5 


mechamealky induced tremors were observed in the groups receiving chlordan at 
and 10 ppm levels. 

Since the compound ts stored in tissues of the body, especially in adipose tissue, 
tests were performed to induce its release from storage. Four male and four female 
rats were selected at the end of 72 weeks from separately conducted groups receiv- 
ing 5, 10, and 30 ppm chlordan and were allowed water but no food for 48 hours. 
With the exception of one female from the 30 ppm group which showed mild 
tremors, none of the animals evidenced symptomatic behavior characteristic of - 
chlordan mtoxication. This was repeated with six males and six females, and no 
deviation from normal behavior occurred. Controls treated in the same manner 
showed normal behavior. These results are at variance with earlier work in our 
laboratory which indicated that rats on 10 and 30 ppm chlordan levels showed 


svinptoms upon the removal of food which could have been interpreted as being 


due to chlordan. This earlier interpretation is not substantiated by later tests. 
\ group of 10 male and 10 female rats which had been maintained for 80 weeks 
at 150 ppm chlordan levels, separate from the six groups thus far discussed, was 


also tested for stored compound. Food was removed from two males and two 
females, and they all died after 36 hours showing symptoms indicative of chlordan 
Intoxication 

In an attempt to determine the length of time that the compound remained 
stored in the tssues in quantities sufficient to constitute a hazard, the following 
routine was established. The remaining 16 rats which had received chlordan for 80 
weeks at 150 ppm levels were now given a ration which contained no chlordan. At 
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weekly intervals covering a period of four weeks, two males and two females were 
selected at random and given water but no food for 48 hours. Of the four rats 
subjected to this routine and tested at the end of the first week, one female died 
and the three others showed tremors. Those tested at the end of the second week 
showed mild tremors but no deaths, while those tested at the end of the third week 
showed only a mild degree of increased sensitivity and hyperexcitability. Tremors 
could not be induced in this group by mechanical stimulation. The remaining four 
rats showed no external symptoms of toxicity after they had been on a chlordan-tree 
ration for four weeks and had been tested for stored compound. It appears that 
under the conditions of the experiment stored chlordan is apparently not present 
in the tissues of rats in a quantity sufficient to produce toxic symptoms four weeks 
after it has been withdrawn ‘rom the diet. 

The effect of chlordan on food consumption (Table 1) is not significantly ditfer- 
ent among any of the groups. However, when certain individual cases are con- 
sidered, facts not clearly shown by the averages should be mentioned. Frequently a 
rat which showed severe symptoms of chlordan intoxication would also exhibit an 
almost complete degree of anorexia over a period of tw to three days just prior to 
death. \ctually, these animals were, by the metabolism of tissue containing stored 
chlordan, shortening their time of survival. Similarly affected rats lived much 
longer and showed in many instances apparent recovery, when they were force fed 
to prevent the metabolism of food reserves. 

A study of the effects of chlordan on growth rates (Table 2) shows that there 
is no significant retardation among the groups receiving 5, 10, and 30 ppm. Those 
at the 150 and 300 ppm levels showed retardation late in the experiment, with the 
females showing slightly the greater effect. Here again, when certain individual 
cases are considered, other facts are worthy of note. Animals which were showing 
symptoms of severe intoxication indicative of early death also showed losses in 
weight of as much as 40 to 50 gm. in a single 72-hour period. A weight increase 
curve for each individual of the 300 ppm group would be quite uneven. To take 
a single typical example of a male, the weight increase for the first 14 weeks was 
fairly normal, but after that a loss of 15 gm. was recorded, followed by gains of 
26 gm., 20 gm., and 18 gm., and losses of 12 and 14 gm., again followed by gains 
of 10 and 15 gm., and finally a loss of 48 gm. two days before death. The pattern 
was essentially the same for the females, although the percentage loss and gain was 
slightly greater. The periods of loss in weight were coincident with periods of 
extreme hypersensitivity, marked tremors, and anorexia. 

As is true of chlorophenothane,? the mortality rate among rats fed diets con- 
taining chlordan is related to the dosage of the compound and to the sex of the rats 
(Table 3). As noted previously, rats of the 300 ppm group showed symptoms of 
intoxication by the end of the 12th week. Three males and seven females of this 
group showed severe nervous symptoms and hemorrhages around the eyes and nose. 
Qn section, marked histopathological damage was apparent. From the 12th week 
on, the mortality rate for the 300 ppm group was significantly higher than that for 
the controls, the rate for females being higher than that for males. No female 


2. Fitzhugh, O. G., and Nelson, A. A.: The Chronic Oral Toxicity of DDT (2,2-Bis 
(p-Chlorophenyl 1,1,1-Trichloroethane), J. Pharmacol. & Exper. Therap. 89:18, 1947. 
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Taste 2—Mean Gain in Weight of Rats on Diets Containing Chlordan 


Mean Weight Gain 
Chiordan 
Time, Wk. Level, Ppm Animals, No 
12 
19 
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survived beyond the 84th week, but one male survived the experiment. After the 
48th week, the mortality among rats receiving 150 ppm was significantly higher 
than that among the controls. Here also the death rate was higher for females than 
for males. Marked symptoms of chlordan-produced injury appeared during the 
42d week. Rats receiving 5, 10, and 30 ppm showed no significant difference in 
death rate from that among the controls. 

In order to determine whether the milk of chlordan-treated rats would contain 
a quantity of the toxicant sufficient to prove fatal to suckling young or to impair 
their growth and development, a female from each experimental group was mated 
on the 24th week and another on the 48th week. All resulting litters were normal 
as to individuals and litter size. No mortality in utero was noted. Three young 
from each litter were transferred from the mother to another lactating female that 
had never received any chlordan, and three young of each litter were allowed to 
suckle their own chlordan-treated mother. All young from 24- and 48-week matings 


Tasie 3.—Per Cent Mortality of Rats Fed on Diets Containing Chlordan 


Chiordan Weeks 
Level 
Ppm 


of females on 5, 10, and 30 ppm chlordan levels, allowed to remain with their 


respective mothers, showed growth rates equivalent to those of their litter mates 

receiving nourishment from non-chlordan-treated foster mothers and also equivalent 

to those of young born of non-chlordan-treated mothers. Young from mothers at 

150 ppm chlordan levels bred at the 24th week showed slight symptoms of toxicity, 

such as hyperexcitability and mild tremors, during the nursing period with their own 

mothers. Young from mothers at 150 ppm levels bred at 48 weeks showed marked 

symptoms of toxicity as a result of milk from their mothers. One death, that of 

a male, was recorded ; one male and two females survived. Litter mates transferred — 
to non-chlordan-treated lactating mothers showed normal development without the 

appearance of symptoms of toxicity. 

Young from mothers receiving 300 ppm of chlordan bred at 24 and 48 weeks 
were normal, and those transferred to lactating non-chlordan-treated foster mothers 
developed normally. Those young resulting from the 24 week breeding and remain- 
ing with their mothers showed marked tremors after the fourth day of nursing. 
Three deaths, those of one male and two females, were recorded. One male sur- 
vived to weaning but died on the 28th day considerably underweight. Young born 


to and remaining with mothers on the 300 ppm level bred at 48 weeks all died before 
the fifth day. 
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Young rats born to non-chlordan-treated mothers and placed with lactating 
females of the various levels of chlordan intake showed essentially the same results 


as those born to and remaining with lactating chlordan-treated mothers. 


It is apparent that rats maintained at 150 and 300 ppm chlordan intake levels 


can secrete the compound into their milk in quantities sufficient to cause the death 


of their young. 


Table + shows the etfect of chlordan at various levels on the size of liver, kidney, 


and spleen. All results are from rats which had been on experiment for at least 48 


weeks. The results show a significant hypertrophy of the liver for males and females 


on diets containing 150 and 300 ppm of chlordan. The same is true for the kidney. 


\lthough a trend toward hypertrophy of the spleen is noted, the differences are not 


significant. No particular increase in size was noted for the adrenals. Dry weight 


of liver and kidney showed the increase in weight to be due to increase in quantity 


TasLe 4.—Effect of Chronic Ingestion of Chlordan on Weight of Livers, 
Kidneys, and Spleens of Rats 


Mean Wt., Gm./Kg./ Body Wt 


Chlordan No. of 
Level, Ppm Sex Rats Liver Kidney Spleen 
0 M 1.3 
F 7.8 1.4 
5 M 6.9 14 


8.1 
6.6 


‘ 


of tissue and not to hydration. Rats of the 5, 10, and 30 ppm groups showed no 
significant hypertrophy of the liver, kidney, or spleen. 


Oi the 20 males and 20 females included in each of the six groups, 5 males and 


5 females from each group were sectioned and examined for pathological changes. 


Fixation of tissues was initiated soon after death to minimize possible postmortem 


changes. Paraffin-embedded sections were stained with hematoxylin and_ eosin. 


In a number of instances, liver and kidney were frozen, sectioned and stained with 


sudan IV for fat. Special stains were also used for glycogen. 


The relative sizes of liver, kidney, and spleen have already been discussed and 


summarized in Table 4. In most instances, the liver, except for size, appeared 


normal on gross examination. A few cases were observed in the 150 and 300 ppm 


groups in which the liver showed a mottled appearance. No observable increase in 


size was noted for adrenals. \ bloody exudate, suggestive of mucosal and sub- 


mucosal degeneration, was present in the duodenal region of the small intestine of 


two rats of the 300 ppm group and two of the 150 ppm group. The lungs of eight 


rats, six from the 300 ppm group and two from the 150 ppm group, showed hemor- 


rhagic areas. Focal atelectasis involving small areas of the lower lobes were observed 


in two rats at the highest level of chlordan intake. Gross examination of the pancreas, 
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stomach, adrenals, thyroid, thymus, lymph nodes, testes, uterus, ovaries, heart, and 
spleen showed no particular effects from chlordan except a tendency toward hyper- 
trophy of the spleen. Rats receiving chlordan at 5, 10, and 30 ppm showed essen- 
tially a normal picture upon gross examination. 

Microscopically, many of the findings in the groups in which severe damage did 
occur were of a more acute nature suggestive of occurrence shortly before death. 

Two males from the 150 ppm group, killed after termination of the experiment, 
showed less marked damage, both gross and microscopic, than did those dying 
during the progress of the experiment. This is suggestive of greater tolerance, 
either natural or acquired, for these particular rats. 

Liver damage, particularly marked for those at 150 and 300 ppm, was char- 
acterized by hypertrophy of the cells, limited for the greater part to those cells of 
the centrolobular region. One change noted as quite characteristic was the tendency 
toward cytoplasmic oxyphilia and hyalinization. Nuclear karyorrhexis, karyolysis, 
and cell necrosis were for the most part limited to the central area. As was true for 
pathological changes caused by chlorophenothane,’ cells in the periportal area were 
usually free from injury, although occasionally changes in the centrolobular area 
continued into the periportal area. Fatty and albuminous degeneration were limited 
primarily to the central and midzonal cords. In some cases, the sinusoids were 
engorged with red cells as well as with considerable quantities of albuminous 
granules and cellular debris. Varying degrees of bile duct proliferation were com- 
mon. Liver sections stained for glycogen by Lillie’s periodic acid-leucofuchsin 
method * showed an almost complete depletion of glycogen in the midzonal and 
periportal regions. Some glycogen remained in the centrolobular area. Control 
sections demonstrated heavy deposits of glycogen throughout the lobules. These 
findings may well be correlated with a hyperglycemia characteristic of rats on a diet 
containing chlordan (unpublished data ). 

Liver damage to those receiving 30 ppm was present but to a slighter degree, 
while 10 ppm produced only minimal changes, such as an occasional hypertrophic 
cell and a minor degree of bile duct proliferation, No particular changes were noted 
at 5 ppm. 

The kidneys showed varying degrees of pathological changes which were corre- 
lated with dosage levels. No particular damage was observed in rats receiving 
chlordan in their diets at the rate of 5, 10, and 30 ppm. Those receiving 150 ppm 
showed moderate to marked injury, and those receiving 300 ppm exhibited marked 
changes. The pathological changes consisted primarily of generalized congestion 
and hyperemia, capillary congestion of glomerular tufts, and albuminous materials 


in some of the capsular spaces. A moderate degree of capsular fibrosis was present 
in rats receiving 300 ppm. Tubular injury included necrosis and sloughing off of 
the epithelium. 


Unlike chlorophenothane, chlordan produced rather marked damage to the lungs 
of the type usually associated with vascular injury. Rats receiving 300 ppm of 
chlordan consistently showed evidence of thromboses, areas of compression, some 
hydropic degeneration of adventitia and perivascular tissue, severe damage to blood 
vessel walls, and, in some cases, fibrous replacement of alveoli. Rats receiving 


3. Lillie, R. D.: Histopathologic Technic, Philadelphia, The Blakiston Company, 1948. 
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150 ppm showed less marked injury and the other experimental groups no par- 
ticular injury. 

The primary myocardial damage, limited to the two highest dosage levels, con- 
sisted of interstitial and myofibrillar edema with some necrosis of myofibrils. 
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Chart 1.—Calculated chlordan intake in milligrams per kilogram of body weight by rats 
ingesting 5, 10, and 30 ppm of chlordan in the diet. 
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Chart 2.—Calculated chlordan intake in milligrams per kilogram of body weight by rats 
ingesting 150 and 300 ppm of chlordan in the diet. 


Adrenal damage consisted for the most part of an increase in the size of the 
medulla, while the surrounding cortex appeared to be somewhat atrophic. 

Splenic alterations consisted of a generalized edema and congestion, some 
atrophy of the follicles, and necrosis of cells in the central area. 
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\s was expected from gross examination, the intestine showed localized areas 
of degeneration, with necrosis of the mucosa and submucosa. Again, these findings 
were limited to the two highest dosage groups. 

When quantity of food and chlordan consumption were correlated with body 
weights, the results showed that the young growing rats were receiving a much 
heavier dosage of the compound in milligrams per kilogram of body weight than 
they were after their period of rapid growth had ceased (Charts 1 and 2). Rather 
extreme variations in food consumption, when correlated with weight increases, 
resulted in a relatively uneven line in many instances. The charts show that initial 
chlordan intake was almost 30 mg. per kilogram per day at the highest level and 
only about 0.5 mg. per kilogram per day at the lowest Food consumption, hence 
chlordan intake. was higher for the females than for males ; however, the differences 
were not sufficiently great to explain completely the differential in mortality between 
males and females. The fact remains that female rats appear to be less tolerant of 
chlordan than are male rats. 

SUMMARY 

Phe following effects were noted in rats fed diets containing chlordan at levels 
of 5, 10, 30, 150, and 300 ppm for a period of two years: 

1. Chlordan produced marked toxicity when incorporated in the diets of rats 
to the extent of 300 ppm. 

2. The effects were less marked in rats at 150 ppm and insignificant in those 
at 5, 10, and 30 ppm. 

3. The first observable symptoms of toxicity appeared in rats at 300 ppm by the 
end of the 12th week and in those at 150 ppm by the 26th week. 

}. Chlordan, at 150 ppm for 80 weeks, is apparently stored in tissues in a quan- 
tity sufficient to cause the death of rats when food is withdrawn for 48 hours. No 
observable effects could be substantiated below this level. Hlowever, rats given 
chlordan in their ration at the rate of 150 ppm for 80 weeks and then placed on a 
nonchlordan diet showed that after four weeks the stored compound had decreased 
to a pot below the toxic level. 

5. Young of litters from rats at all levels were normal in respect to size, growth, 
and development when allowed to nurse from non-chlordan-treated foster mothers. 

6. Young of litters from rats at 150 and 300 ppm remaining with their lactating 
mothers showed definite symptoms of chlordan toxicity, resulting in some instances 
in the death of the young. 

7. Chlordan did not affect the over-all food consumption. Individuals during 
symptomatic periods showed alternations of normal food consumption with periods 
of almost complete anorexia. 


&. Chiordan produced no significant retardation in growth rates for rats at 5, 


10, and 30 ppm but did result in some retardation in weight increases for rats at 
150 and 300 ppm. 


4%. Chlordan produced deaths among the rats in ratio to dosage levels. Death 
rates were significantly higher among the 150 and 300 ppm groups than among the 


controls. Mortality among rats at 5, 10, and 30 ppm was not significantly different 
from that among the controls. 
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10, Significant enlargement of the liver and kidneys resulted in rats at 150 and 
300 ppm chlordan. The increase in weight was not due to hydration. 

11. Histopathological findings in general showed injury indicative of recent occur- 
rence. Marked histopathological damage was observed only in the group at 150 
and 300 ppm. 

12. One of the most apparent effects of chronic toxicity induced by chlordati 
was liver cell hypertrophy in the centrolobular area, increased oxyphilia and hyalini- 


zation of the cytoplasm, and bile duct proliferation. Centrolobular necrosis was 


extensive. Glycogen was almost entirely absent from midzonal and periportal areas 


and was greatly reduced in the centrolobular region. The general picture was that 
of inanition. Other major centers of injury were the kidneys and lungs. 

13. Myocardial damage consisted primarily of necrosis of myofibrils. 

14. The adrenals exhibited hypertrophy of the medulla with some atrophy of 
the cortex. 

13. Splenic alterations included some necrosis of cells in the central area. 

16. Localized areas of mucosal and submucosal degeneration were present in 
the duodenum. 

17. The chlordan intake in milligrams per kilogram of body weight for rats is 
considerably greater during the first 12 weeks than at any period thereaiter. This 
is correlated with a relatively constant rate of food consumption during the periods 
of both rapid and slow growth. 
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ABSORPTION AND EXCRETION OF INHALED FLUORIDES 
Further Observations 


G. H. COLLINGS Jr., M.D., M.P.H. 
R. B. L. FLEMING, MS. 


ROY MAY, MS. 

AND 

W. 0. BIANCONI, B.S. 
WILSON DAM (SHEFFIELD P. 0.), ALA. 


REVIOUS studies of human subjects ' have indicated that exposure to gaseous 
or particulate compounds of fluorine in the air results in rapid absorption of 


fluorides and that the greater part of the excretion of these fluorides takes place 
within one day following the exposure. These studies were performed on human 
volunteers who had not previously been exposed to fluorides in significant quanti- 


' ties either by inhalation or in the form of elevated dietary intake; therefore some 
: question remained as to the applicability of the findings in the case of industrial 
employees in whom storage of fluorides had occurred. The point is one of con- 
siderable practical importance in view of the fact that industrial employees who are 
likely to be studied for fluoride excretion are, in many cases, the ones who have 


stored significant quantities of fluorine in their previous work experience. The 


following studies were carried out to compare such industrial employees with 


control subjects in regard to their response to a single day’s absorption of fluorides 
from a contaminated atmosphere. 


METHODS 


Two subjects were exposed during one workshift to an atmosphere containing fluorides. 
s One of these subjects (G.H.C.) was considered to have had no significant previous fluoride 
storage. -His atmospheric exposures had been limited to a combined total of about six daily 


workshifts, and these minimal exposures had been incurred months before the present experiment. 
Also, it was known that the dietary intake and the urinary output of subject G. H. C. were 
of a very low order of magnitude, and certainly no large amounts of fluoride could have been 
previously stored in this subject. The other subject (L.H.G.) was an industrial employee who 
had worked approximately eight years in a plant involving exposure to fluorides during the 
course of his daily work and who was known to be excreting fluorides at an elevated rate 
(approximately 2 mg. a day) even at times when no additional exposure was being incurred. 

From the Health and Safety Division, Occupational Health Branch, Tennessee Valley 
Authority 

1, Collings, G. H., Jr.; Fleming, R. B. L., and May, R.: Absorption and Excretion of 
Inhaled Fluorides, A. M. A. Arch. Indust. Hyg. 4:585, 1951. Collings, G. H., Jr.: The 
Practical Usetulness of Urinary Fluoride Determinations as a Measure of Industrial Exposure, 
read before the Twelfth Annual Meeting of the American Industrial Hygiene Association, 
Atlantic City, N. J., April 25, 1951. 
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Both subjects were apparently in good health; both were of the same race and approximately of 
the same age, size, and apparent nutritional status. 
The industrial employee was accustomed to working five-day work weeks separated by 


two- or three-day week ends. During the week ends there was no known exposure to fluorides 


other than that occurring in his diet. Both subjects utilized drinking water supplies which 
had been shown to have a fluoride content of less than 0.1 ppm. The experimental exposure 
took place in the industrial environment which was the customary workplace of subject L. H. G. 
The fifth day of his work week was selected, since at that time this subject would have reached 


the maximum cumulative effect, if any, from exposures during his workweek 


Urine specimens were collected from each subject at periodic intervals throughout the course 
of the experiment. Each specimen included the entire volume of urine voided since the collection 


of the last previous specimen and, therefore, indicated the rate of excretion of fluorides as well 
as the varying concentrations in the urine from time to time. In order that precautions might 
be observed which would minimize contamination, the urine specimens were collected at locations 


remote from the work area; at this time the exterior work clothes were removed and the 


hands were washed prior to voiding into chemically clean glass containers. During the work- 
shift constituting the exposure, this necessitated a 15-minute absence from the exposure area 


TABLE 1.—Atmospheric Concentrations of Fluorides During Exposure 
of Subjects G. H. C. aad L. H. G. 


Concentrations 


Observed Over Period 
Duration of Air Concen- of 2 Hr. 
Exposure * trations + (Caleulated 3) 
Period Min Me. M* Me. 


3.5 


Mean concentration for 6 hr............ 5.7 48 


* Exclusive of time spent in collecting urine and at lunch 

+ Field blanks yielded results under 0.6% of amount in sample in all cases 

t Concentrations which for a full two hours would have produced the same exposure as the observed 
concentrations for 105 or 90 minutes. 


in each two-hour period. In the third two-hour period of exposure, an additional absence 
of 15 minutes was sustained in order for the subjects to eat lunch. Operational difficulties 
forced a shutdown of the plant at the end of six hours; therefore, the in-plant exposure was 


not continued for the full eight hour shift. 


Atmospheric concentrations of fluorides were determined throughout the entire period of 


exposure by means of air samples, which were collected one after the other from the beginning 


of the workshift to the end. Each air sample represented approximately two hours of exposure 


and was collected by impingement and scrubbing through a standard impinger in which 
approximately 1/10 N. sodium hydroxide solution was used as the collecting medium. All 


samples were collected in duplicate. Field blanks were collected for each set of atmospheric 


samples. Fluorides present in the blanks were less than 0.6% of the fluorides in the sample in 


all cases. 
RESULTS 


Table 1 shows the atmospheric concentrations of fluorides, expressed as fluoride 
ion in milligrams per cubic meter of air, for each of the two-hour intervals during 
the exposure period. The fluoride concentration was somewhat higher during the 
first two-hour period than in the later four hours, and this is probably reflected 
in the detail of the fluoride excretion curve (Chart 1) which shows somewhat 
higher rates of excretion during the early part of the exposure than toward the 
end of the shift. The average atmospheric concentration of fluorides for the 
exposure period was 4.8 mg. of fluoride per cubic meter. 
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Chart | shows the urinary fluoride excretion (expressed in milligrams fluoride 
per two hours) of the subjects prior to, during, and for, approximately four days 
aiter the exposure. It will be noted that the rate of excretion of fluorides rose 
rapidly after the beginning of exposure and declined after the exposure along curves 
similar to the ones reported in our previous studies. It will also be observed that 
there is a remarkable parallelism between the curves for the two subjects but 
the curve for subject L. H. G. was generally about 0.1 to 0.2 mg. of fluoride per 
two hours above the level of subject G. H.C. This is particularly noticeable before 
exposure and after the exposure day. From the latter time on, subject L. H. G. 
continued to excrete above the level of subject G. H. C. at a rate amounting 


to about 2.0 my. of fluoride per day when expressed in terms of total daily output. 

2 Subject G. Hi. Co's daily output after the principal effects of the exposure had 

} been dissipated was approximately 1.0 mg. of fluoride per day. It would seem, 

| : therefore, that subject L. H. G. had stored in times past enough fluoride. to 
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Urinary fluoride excretion prior to, during, and following exposure to fluorides by 
7 inhalation, Dotted line is for industrial employee L. H. G.; solid line, for control subject G. H. C. 


result in a more or Jess continuous output of fluoride above the normal rate 
and that this long-term excretion was superimposed upon the relatively transient 
hut quantitatively much greater rise in urinary fluoride resulting from the 
six-hour atmospheric exposure, It is important to note that the slope of the 
excretion curve atter the cessation of exposure appears to be the same for the two 
subjects and that there was no obvious prolongation of the high rate of excre- 
tion by subject L. H. G. which may have been due to a cumulative effect from 
repeated exposures, [xcept for the persistent slight elevation in base level mentioned 


above, there were no remarkable ditferences between the two subjects. 


ADDITIONAL STUDIES 


In order to be more secure in the interpretation of these experimental results, 
it was highly desirable to conduct similar studies on a number of industrial 
employees. Unfortunately, owing to the large number of samples required by an 
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experiment of this type and the rather severe impositions upon the time and con- 
venience of the subjects, it has not vet been possible to carry out complete studies 
on other subjects in the manner described above. However, related work has 
been done in a limited way on one additional subject (S.R.). He had had approxi- 
mately eight years of exposure to atmospheric concentrations of fluorides, which 
resulted in urinary concentrations at the end of eight hours of his regular work 
of from 14.0 to 30.0 mg. F/L. This exposure was somewhat in excess of that 
experienced by subject L. H. G. Subject S. R. was known to have a base-level 
urinary excretion (on days when no additional exposure was incurred) of about 
3.5 mg. of fluoride per day. .\ study was made of his response to the exposure 
during a single shift at his regular work location. It was not possible to take 
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Chart 2—Urinary fluoride excretion of an industrial employee following the last of five 
successive eight-hour workshiits. 


atmospheric samples, nor were samples of urine collected immediately prior to or 
during the actual exposures. Urine samples were collected periodically at intervals 
following the cessation of the exposure for slightly more than four days, during 
which time no additional exposure was incurred. As in the previous experiments, 
each urinary specimen consisted of the entire volume of urine voided during the 
sampling interval. 

The subject S. R. also showed a rapid fall in the rate of urinary excretion from 
1.15 mg. of fluoride per two hours at the end of his eight-hour workday to about 
0.30 mg. of fluoride per two hours within 12 hours (Chart 2). The latter rate of 
excretion then continued with minor fluctuations for the remainder of the period 
of study, resulting in an average excretion of approximately 3.5 mg. of fluoride 
per day. 

Other industrial employees have been studied by the collection of urine speci- 
mens at the beginning and at the end of their work. The data are presented in 
Table 2. It is believed that they are consistent with the cyclic changes in experi- 
mental subjects and industrial employees who have been investigated in more 
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detail. In all cases the urinary fluoride concentrations * at the beginning of the 
workday have been quite low by comparison with the concentrations after exposure. 
This differential would probably not have been so marked if the effect of each 
day's exposure had not been rapidly dissipated. Moreover, from some of these 
subjects it has been possible to obtaim urine samples at the end of vacation periods, 
or following other long breaks in the daily exposures, so that concentrations of 
fluoride in the urine are known 10 to 15 days after the last industrial exposure. 
These base-level urinary concentrations are usually the same as or slightly less 
than the concentration for the same subject 24 hours after exposure, indicating that 
at 24 hours after exposure there is perhaps some slight elevation remaining as an 
effect of the previous day's absorption; however, the magnitude of this elevation 
is not great and in the small number of cases available at present is not a statistically 
significant difference. 


TasLe 2.—Urinary Excretion of Fluoride by Industrial Employees 


Approx Fluoride Concentrations 
of Previous Atmospheric in Urine (Mg./L.) 
Employee Exposure, of Fliorides AtEndof At Beginning At End of 
No Yr During Exposure ¢ Ist Shift of 2d Shift 2d Shift 
7 Elevated 11.0 3.7 104 
Elevated 25 5.1 
High 15.6 10.1 
Excessive 19.0 
Excessive 15.0 
Elevated 
Elevated 
Low 
Elevated 
Excessive 
Excessive 
High 
High 
High 


Excessive 


* First shift and second shift separated by 48 hours; all other shifts separated by 24 hours. 
Low 0-24 
Elevated 
High 0-9. Me M4 
Excessive Over 10 Me. M4 


Vherefore it would seem that the urinary fluoride concentration, or, more 
correctly, the rate of fluoride excretion just prior to work, approximates an accurate 
measure of the fluorides being excreted from storage. If so, it will be noted (Table 
2) that each day of exposure contributes quantitatively much more (in these sub- 
jects two to seven times as much) to the urinary concentration at the end of a 
workshift than does the excretion from storage during the same period. These 
relationships might not be expected to hold in cases in which the magnitude of the 
fluoride absorption which produced the storage of fluorides was markedly different 
from the magnitude of the absorption during the test shift. 

2. In our experience it has been found that urinary fluoride concentrations (milligrams of 
fluoride per liter) have about the same significance as the more precise rate figures (milligrams 
of fluoride per two hours or milligrams of fluoride per day), but the former are subject to 
greater variability introduced by variation in water excretion. 
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SUM MARY 


An industrial employee who had been exposed to fluorides in the air during 
eight years of work and a control subject without significant prior exposure were 
exposed simultaneously for six hours to atmospheric concentrations of fluorides 
averaging 4.8 mg. of fluoride per cubic meter of air. Urinary excretion of fluorides 
by the two subjects rose during the exposure and fell rapidly to near preexposure 
levels within 24 hours. 


The base level of fluoride excretion (during times when no exposure had 
occurred for several days) was slightly higher for the industrial employee than 
for the control subject, which is considered to be a measure of the excretion from 
previously stored fluorides in the industrial employee. However, the transient rise 
of urinary fluoride excretion above the base level, produced by six hours of exposure 


to air containing fluorides, was very nearly the same for the two subjects, both 
in time and in amount. 

The total quantity of fluorides excreted above the subjects’ respective base levels 
during the first 24 hours following 6 hours of exposure to air containing 4.8 mg. 
of fluoride per cubic meter was 4+ mg. for the industrial employee and 5 mg. for 
the control subject. These values agree well with data resulting from other similar 
studies on which we have previously reported. 

A second industrial employee with an even greater past exposure to fluorides 
than the first showed a similar excretion pattern following exposure for eight hours 
to air-borne fluorides. 

Stull other industrial employees, studied less extensively, showed urinary fluoride 
concentrations before and after exposure which were consistent with the findings 
of the experimental work. 
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Abstracts from Current Literature 


General 


New Trenps Vocationar REHABILITATION. Mary Switzer, Am. J. Pub. Health 

42:784 (July) 1952. 

The mental attitude of the worker is greatly influenced by his confidence in (a) the medical 
protection he will receive 1f he is injured and (hb) his chance to return to work if he is disabled. 
Such confidence cannot be developed unless there is a close-working arrangement among 
preventive measures, curative medicine, and rehabilitation 

The time lag between injury and referral for rehabilitation has in the past represented 
a tremendous waste of manpower, skilled labor, and productive adult lives. It should also be 
remembered that the longer rehabilitation procedures are delayed the more difficult: and 
expensive and the less successful they become 

Today there is greater emphasis on rehabilitation programs than there has ever been. If 
such programs are to be carried out successfully, the full cooperation of specialists in medical, 
social, vocational, educational, and other fields is necessary. 


The importance of the role of the industrial physician in rehabilitation programs is 


emphasized 
Parvin Sarpr, Boston 


Disantep Men Work AGatnx. Stanwoop L. Hanson, Am. J. Pub. Health 42:787 (July) 

1952 

In an attempt to reduce the length and severity of disablements following accidents and 
industrial diseases, the Liberty Mutual Insurance Company has directed its efforts toward the 
development of rehabilitation programs 

Past surveys have indicated that permanent disability is very often caused by one or a 
combination of the following factors: wrong diagnosis, error in psychological handling of the 
patient, and lack of proper and adequate help following hospitalization. It follows that a 
rehabilitation program which would combine excellent) medical, psychological, social 
guidance could greatly diminish the number of permanently disabled workers, reduce the length 
of convalescence, and save enormous sums that would ordinarily be paid as compensation 
benefit to the injured employees. Such programs have been offered with great success and at 
no cost to the injured worker at the two rehabilitation centers established by the Liberty 
Mutual Insurance Company in Boston and Chicago. 

The importance of the rehabilitation nurse who gives psychological and practical guidance 
to the disabled worker and his family is very much emphasized. 

Parvin Sarpt, Boston 


REHABILITATION OF DisanLeD Miners. Kennetu E. PontmMann, Am. J. Pub. Health 

42:791 (July) 1952 

The United Mine Workers of America Welfare and Retirement Fund initiated a medical 
program in 1948 to provide health, medical, and rehabilitation services necessary for restoring 
to useful living those miners who have been incapacitated for work because of injuries or 
illnesses. So far more than 900 severely disabled persons have benefited from this program. 
OF this number more than 100 have already been reemployed. 

A discussion of how the physically handicapped are sought out by the organization is 
presented, Procedures of accepting such persons involve a complete orientation of each one as 
to exactly how much and what kind of assistance is available to him and what is expected of him 
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Arrangements have been worked out in cooperation with the Pennsylvania Rehabilitation 

Sureau and the Williamsport Technical Institute whereby some handicapped persons are sent 

to the Technical Institute for vocational evaluation, training, and eventual placement in some 
of the defense mobilization industries. 


Some of the present needs in the rehabilitation of disabled miners are outlined. 


Parvin Satpt, Boston 


ProGRess OF AMERICAN INDUSTRIAL MEDICINE IN THE First HALF OF THE 


TWENTIETH 
Century. Rosert T. Lecce, Am. J. Pub. Health 42:905 (Aug.) 1952 


The astonishing progress of American industrial medicine in the past 50 years has been 
the direct result of technological and scientific advancements and the humanitarian efforts of 
American pioneer industrial physicians. The author traces the development of industrial 
medicine in this country through the past five decades, mentioning the major contributors of 
the field and their accomplishments and emphasizing the establishment of organizations asso- 
ciated with industrial health. Parvin Satpt, Boston. 


THe Diapetic in INpustry. I. M. Raprnowiten, Canad. M. A. J. 67:34 (July) 1952 


\t present there is strong opposition in many industries to the employment of diabetics 
This opposition is based on widespread misconceptions with regard to the nature of diabetes 
and the physical and mental condition of diabetics. The adverse effects of such misconceptions 
cannot be overemphasized in view of the fact that a large and increasing percentage of people 
ot all ages have the disease. 

I:xtensive surveys have indicated that the percentage of accidents, illnesses, injuries, and 
violent occupational and nonoccupational deaths are usually equal for diabetics and nondiabetics. 
If slight deviations exist, they generally favor the diabetics. This is understandable in view of 
the fact that diabetics are more conscious of health hazards and are consequently more careful, 
as a whole. 

The possible dangers of insulin reaction and the frequency of gangrene incidence among 
diabetics have been overestimated. The author sees no reason to exclude any diabetic, provided 
he is in good health otherwise, from any job which does not involve exceptional physical or 
emotional strain. 

Practice of moderation and strict adherence to medical directions are emphasized for the 
diabetics, 

It is suggested that the industrial physician collect all possible data on absenteeism and 
accident rates among the diabetics of his industry in an attempt to rectify the many misappre- 
hensions which now exist in industry and labor. The importance of understanding and friendly 
relationship between the physician and the diabetic is stressed. 


Parvin Satp1, Boston. 


Occupational Diseases and Hazards 


THe PREVENTION OF PNEUMOCONIOSIS AMONG Coal 


MINERS IN GREAT BRITAIN. ANDREW 
MEIKLEJOHN and Cuartes Tr. Assoc 


Indust. M. Officers 2:3 (April) 1952. 

A debate between Dr. Andrew Meiklejohn and Dr. Charles Fletcher on the prevention of 
pneumoconiosis among coal miners in Great Britain is presented. Dr. Meiklejohn places the 
emphasis on engineering control of the dust and attacks Dr. Fletcher's central theme of periodic 
X-ray examinations on the grounds that such examinations are not really a preventive measure. 


Dr. Fletcher agrees with the primary importance of dust control in the prevention of pneumo- 


coniosis; however, he maintains that universal periodic x-ray examinations will serve as a 
guide for the engineers in their attempt to establish dust-safety levels and will protect the 
individual worker by making possible the diagnosis in early stages and thus the prevention of 
acute and disabling complicated pneumoconiosis. Dr. Fletcher also replies to Dr. Meiklejohn’s 
other objections with regard to the impracticality, technical difficulties, and possible adverse 
psychosocial effects of a universal x-ray examination program. 
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In a brief discussion following the debate it is pointed out that cooperation between engineers 
and medical specialists is essential for effective prevention of pneumoconiosis 
ParvVIN Satpt, Boston. 
Tue Lunes or Quarry-MEeN AND Cutters or Limestone. V. Raymonp, A. Stvapon, and 
P. Conti, Arch. mal. profess. 13:169, 1952. 


Clinical and x-ray examinations were performed on about 200 workmen employed by a large 
construction company. The large majority of these workmen were employed as masons and 
construction workers in the building of houses and of monuments, and 41 workers were employed 
in the excavation of stones from a quarry operated by the construction company and in the 
cutting of the stones. 

Analysis of the composition of the stones taken from this quarry showed that they contained 
almost exclusively calcium carbonate, but in addition there was 2.9% free silica in the hard 
stones and 0.7% free silica in the soft stones. 

Although the lungs of nearly all the mason and construction workers presented a normal 
aspect on x-ray examination, those of 6 quarry-men and 13 stonecutters presented an abnormal 
aspect associated or not with clinical signs. The clinical signs were rather mild and indicated 
bronchial irritation with,a tendency toward emphysema. In contrast to the changes observed in 
the lungs of silicotic patients, those observed in the lungs of these quarry-men and stonecutters 
were diffuse and perivasculobronchial but not nodular. 

It is concluded that although exposure to calcium carbonate dust may cause a pulmonary 
reaction, the latter is not associated with progressive fibrosis and causes only moderate disturb- 
ances. The changes in the lungs of these workmen may be classified among the benign 
pneumoconioses described by Gardner, resulting from the deposition in the lungs of biologically 
inert dust. 


“Koo CacciFications in Siticosis. P. Foupert, FE. Batcarries, G. DECLERCQ, 
and J. A. Massinon, Arch. mal. profess. 13:263, 1952. 


Characteristic calcium densities in the hilar lymph nodes, designated by American workers 
as “egg shell,” were observed by the authors on x-ray examination of 19 silicotic miners between 
the ages of 33 and 6 years, who had been working beneath the surface for at least 15 years. 
Oi the 19 miners, 14 presented the confluent or pseudotumoral type of silicosis, while 5 had 
relative discrete micronodulation. Of 4,000 silicotic patients who were subjected to systematic 
x-ray examination, only 0.2% presented the “egg shell” calcifications. Thus, in contrast to the 
American reports, calcifications of this type proved to be rare in France. 

Although these calcifications have been observed almost exclusively in silicotics, their rare 
occurrence deprives them of any diagnostic value. Their appearance depends (1) on a preceding 
inflammatory lesion, which, as with all hilar or other calcifications, is of a tuberculous nature 
in the large majority of these cases; (2) on advanced silicosis with a slow course, and (3) 
on a personal factor characterizing the territory and related to a diathesis of specific hyper- 
calcification. 


Mrcropissection Stupres or Coat Dust Deposits iN THE LUNGS OF MINERS. ALBERT 
Poricarp and Anpré Compt. rend. Acad. sc. 233:1159 (Nov.) 1951. 


Coal miners’ pneumoconiosis shows two characteristic lesions: first, a deposit of coal dust 
in the fibrous zones of the lungs, especially in the periarterial and peribronchial spaces and, 
second, the presence of perifocal emphysema around the dust. 

Microdissection and phase contrast microscopy in monochromatic light were used on the 
deposits in the lungs of miners who had died of intercurrent causes. The dust deposits studied 
had been in the lungs from 10 to 30 years. 


Dense fusiform or ovoid conglomerates, 15-25 me# in diameter, were found surrounded by 
some old dust cells, free histiocytes, and fibroblasts. The microdissection has shown the size 
of the particles to be very variable, from the majority at less than 1 m# to sometimes 10-12 ma. 


The particles have rounded edges and irregular outgrowths, just like fresh coal particles. There 
had been, therefore, no attack on the particles by the tissue. 
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The particles were imbedded in a protein cement a fraction of a micron in thickness, which 
is what remains from the phagocytosing cell after dehydration and shrinkage around the particles 
without proteolysis. This is also demonstrable by the clear-cut peripheral limits of the accu- 
mulation. Even after death, pneumoconiotic lungs show a special resistance to autolysis. The 
presence of the coal particles seems to have blocked the action of proteolitic enzymes. When 
the surrounding wall is removed, the particles become readily motile. Nothing adheres to the 
surface of the particles. 

The accumulations are located amid fibrous formations showing the birefringence of old 
collagen in the large fibers and none in the small fibers. The fibers are all around the particles 
but isolated from them by a thin protein wall. No adherence to the thin fibers was observed, 
such as is seen in tattooing of the skin. 

The authors, therefore, conclude that a purely mechanical obstruction is the causative factor 
in coal dust pneumoconiosis, which is contrary to findings for silicosis. 


Jean ReEvet, Boston. 


ELECTROCARDIOGRAPHIC EXAMINATION OF A GROUP oF SrLticotics. P. Naprras and R. 
Detesvaux, Rev. méd. miniére 4: Nos. 13 & 14, 3-9, 1951. 


Boptes (So-CALLED CARBORUNDUM AND GRrRapnHite Bootes). A. 
GLAvsER and J. R. Rutrner, Experimentia 7:275, 1951. 


Curious bodies (pseudoasbestosis bodies) caused by the presence of the cubic modification of 
carborundum and of graphite in the lungs of a pencil-factory worker are described. The sub- 
stance surrounding the minerals showed the same physical and chemical qualities as are reported 


in cases of asbestosis bodies. SuMMaARY IN Asst 


HEMATOLOGICAL STUDIES IN SiLiIcosis. ReENzo Med. lavoro 43:115 (March) 1952. 


After a bibliographical review, Gilli describes the hematological findings observed in 61 
patients with simple silicosis in varying stages of evolution. Having proved fundamentally 
normal, these findings reveal a clear indication of increase in the eosinophile and monocytic 
counts, which is statistically significant when compared with the findings of the control group. 
The author advances the hypothesis that this increase may be the expression of mesenchymal 
reaction to SiOz; the conclusion is drawn that in simple silicosis hematological findings are of 
slight diagnostic significance but are of assistance in excluding associated tuberculosis. 


Pneumoconiotic CHANGES IN GRAPHITE Workers. H. Micier, Fortschr. Geb. Réntgen- 
strahlen 76:452 (April) 1952. 


One group of three workers examined by Muller consisted of graphite grinders and mixers 
who were processing raw graphite for foundry use. A second group comprised 50 workers 
employed in the manufacture of crucibles. Clinical and x-ray studies on these workers revealed 
that graphite dust may produce pneumoconiosis. In workers who are exffosed to graphite dust 
for several decades pneumoconiotic adhesions and callosities may break down and cavities may 
be formed which contain pitch-black fluid. It has not been clarified as yet whether the pneumo- 
coniotic changes are produced by admixtures such as clay, pyrites, anthracite, or coke or by 
the graphite. At any rate, Muller believes that workers in whom pneumoconiotic lesions 
develop as the result of contact with graphite should receive compensation, as do workers for 
other work-connected lesions. 


Wetpers’ AN INVESTIGATION OF 216 Mepicat Recorps. F. Micnoret, Arch. 
belges méd. sociale hyg. 8:507 (Oct.) 1950, 


The occupations of the men examined were gas welding, oxy-gas cutting of metal, and are 
welding. The workers had been examined two or three times since 1947. A group of 100 
nonwelders were examined as controls. No acute illness from nitrous fumes was discovered. 
Some of the oxy-gas cutters (40%) and arc welders (61%) showed increased hilar shadows, 
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linear striations, and other x-ray appearances after 7 to 15 years’ work. The author has 
never seen fine stippling or nodulation due to oxide of iron; there has been only a localized 
or generalized sclerosis. Gas welders showed litthe more increase of hilar shadows and linear 
striations than the controls (18% against 17%). About 20% of the arc welders were under- 
weight as compared with 11% of the controls. In the great majority of are welders the blood 
pressure was below normal. Localized exhaust draft is recommended 


CONDENSED FROM BULL. Hye. 


CONTROL OF SILICOSIS AND SILICOTUBERCULOSIS IN YUGOSLAVIA. M. Stoyapinovié, Arhiv 
hig. rada 3:40, 1952 


The author discusses the danger of the great incidence of silicosis in connection with the 
development of Yugoslav economy and industry, as well as the measures relating to silicosis 
control, The organization of steps for the prevention of silicosis is described: examinations 
betore employment, examinations during employment, and change of occupation after the first 
symptoms of the disease. 


Byssinosis. J. B. M. Vismans, Nederl. tijdschr. geneesk. 96:800 (April 5) 1952. 


Byssinosis occurs in workers in the cotton industry, chiefly in those who handle the cotton 
before it is sent to the spinning room. The author quotes from the literature and presents the 
histories of seven patients observed by himself which illustrate the three stages of the disease. 
He also comments on the incidence, etiology, pathologic anatomy, and diagnosis. 

Generally, the disease develops only after the worker has worked with cotton for at least 
five years. A constricted, tight feeling in the chest is usually the first manifestation, and since 
this symptom is often severest on Mondays, the term “Monday fever” or “Monday cough” 
has been applied to it 

Patients with the advanced form of byssinosis may die of decompensation of the right side of 
the heart 

Prophylaxis is of primary importance and should involve giving attention to the selection of 
workers and to dust control in cotton mills. 


Industrial Toxicology 


SALICYLATES AND EXPERIMENTAL BERYLLIUM Porsoninc. ASHER J. FInKeL and 

RK. Ware, AECU-1930, UAC-536 (March) 1952. 

The present study was undertaken to ascertain whether the salicylic acid portion of the 
aurmtricarboxylic acid molecule would be effective in reversing experimental Be intoxication. 
Data show that intravenously or intraperitoneally administered sodium salicylate in dose 
levels of COO mg. per kilogram is an effective antidote for acute Be poisoning in mice when 
given up to eight hours after the administration of intravenous BeSO, in L.D.ss amounts. 
Salicylate analogues without the orthohydroxy, carboxylic acid groupings were generally 


inetiective, as were fwo dihydroxybenzoates. NucLEAR Sc. ARSTt. 


Crrkonic Mercury Potsoninc in LATENT FINGER-PRINT DEVELOPMENT. GILBERT FORBES 
and James Wore, Brit. M. J. 2:899 (April) 1952. 


The staff of a police photographic department was investigated for signs of mercuric 
poisoning due to the use of “gray powder” in the development of latent finger prints. Three 
out of the five persons examined showed symptoms which can be attributed to chronic mercuri- 
alism (this number includes one case of peripheral neuritis). 


Phe investigations indicated that mercury particles, because of their heavy weight, fall rapidly 


below the breathing level and consequently the chance of inhaling them is negligible. Remaining 


possible methods of absorption are through the skin or by accidental ingestion after contami- 
nation of the hands. The degree of contamination apparently varies with the person's suscepti- 
bility and the amount of care taken in handling the powder. 
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The powder upon storage will undergo oxidation, and certain water-soluble mercury 
compounds will be formed which are more toxic than the original mercury particles. Such 
oxidation can be prevented if small amounts of dextrose are added to the powder. 


Water extracts of the stored samples indicated the presence of traces of sulfate. 


Parvin Satpt, Boston. 


TREATMENT OF EXPERIMENTALLY Propucep Paratuion Potsonine. J. Fournet, J. Cecice, 
and P. Hitiion, Arch. mal. profess. 13:160, 1952. 


The toxicity of paranitrophenyldiethylphosphate (parathion), a widely used insecticide, was 
studied in mice, rabbits, and dogs, to which it was administered by mouth, subcutaneously, 
cutaneously, and as an aerosol. The symptoms which appeared rapidly in these animals after 
the administration of the insecticide were similar to those observed in physostigmine (eserine) 
poisoning. By its anticholinesterase activity with acetylcholine as intermediary, parathion 
affects not only the postganglionic fibers (causing muscarinic phenomena, such as bradycardia 
and hypersecretion) but also the motor and preganglionic fibers, the stimulation of which is 
manifested by neuromuscular, so-called nicotinic phenomena. 

Results of treatment of the animals with atropine alone or combined with ganglionic blocking 
agents such as 10-(2-diethylaminoethyl) phenothiazine (diparcol®) hydrochloride and/or 10- 
(2-diethylaminopropyl)phenothiazine (R.P. 3356 or parsidol) hydrochloride showed that 
diparcol® alone and particularly parsidol alone were much more effective than atropine. But 
only the combined effect of atropine and parsidol seemed to determine the neutralization or 
pronounced attenuation of the nicotinic effect of the parathion, resulting in prolonged survival. 
The latter may permit regeneration of the cholinesterase which had been destroyed by the 
parathion. 

The authors therefore recommend the use of atropine combined with ganglionic blocking 
agents, particularly parsidol intravenously in the treatment of human beings with parathion 
poisoning. 


Heartu Hazarps THE MANUFACTURE OF NITROGLYCEROL. H. SymManski, Arch. Hyg. uw. 
Bakt. 136:139, 1952. 


For about 20 years, nitroglycerin (glyceryltrinitrate) has been progressively produced and 
used in the explosive industry. To date, a minimum total of 47 to 49 fatal accidents have occurred 
through the chronic and occupational action of nitroglycerin. It is a surprising fact that scarcely 
any publications in this respect exist in the entire medical literature. Three fatal intoxications 
which had been more closely observed are described in detail, followed by a comprehensive 


survey on the subject. Excuse Summany 


Curonic CapMiuM Potsontnc. E. W. BAaaper, Deutsche med. Wehnschr. 76:484-487 (April) 
1951. 


lodine poisoning from I-contaminated foods or by inhalation of I dust in industrial operations 
is well known. The clinical picture corresponds to an irritant gas poisoning like phosgene or 
NO poisoning. In addition to the respiratory organs, the gastrointestinal canal is affected. About 


15% of acute industrial I poisoning cases end fatally. H. G. Stemsman [Cuem. Arsr.] 


CiinicaL EvipENCE FOR THE LATENT AND Appitive Action oF BENzoL witH OTHER 
Toxic Insutts: Report or Two Cases. Harriet L. Harpy, Arhiv hig. rada 3:1, 1952. 


Two cases have been presented in support of the following concepts: First, benzene and 
perhaps other toxic insults may cause a long latent disturbance in functioning capacity insufficient 
to produce manifest disease. Second, a second toxic insult of similar or dissimilar behavior 
may by additive or synergistic action produce disease, in these instances blood dyscrasia. 


Third, nonoccupational factors, such as chronic hemorrhage and ingestion of drugs, may be 
in part responsible for the clinical end-picture. 
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News and Comment 


RADIATION AND THE INDUSTRIAL PHYSICIAN 


A two-day symposium on radiation and radiation problems will be given on Nov. 20 and 21, 
1952 at Cincinnati. The program will include only enough basic physics to make the discussion 
intelligible and will aim primarily at answering questions posed for the physician by the expand- 
ing use of radioisotopes, x-rays, and other radiation-producing machines in industry. It should 
be pointed out that the program will presuppose little or no knowledge of radioisotopes and 
radioactivity. 

Topics to be discussed (with demonstrations where practicable) include the following: 
introduction to radiation physics; detection, measurement, and absorption of radiation; biological 
effects of radiation; personnel protection, and planning for the safe use of radioisotopes. A 
round table question and answer period will conclude the session. 

The symposium will be presented by the Radiological Health Training Section of the 
Environmental Health Center, United States Public Health Service, in cooperation with the 
Division of Occupational Health of the Public Health Service. Sponsoring the symposium 
are the Health Departments of Kentucky and Ohio, the Indiana State Board of Health, and the 
Industrial Medical Association. There will be no registration fee. 

For further information and registration write to the Chief, Radiological Health Training 
Section, Environmental Health Center, 1014 Broadway, Cincinnati 2. 


PUBLIC HEALTH SERVICE ADVISORY COMMITTEE TO AID UNIFORM LABELING 


To stimulate satisfactory uniform labeling of chemical products, a Public Health Service 
committee is being reactivated to work with the Manufacturing Chemists Association. 

“Since the 1930's when agreements between the Public Health Service and certain chemical 
manufacturers were drawn up,” Dr. Leonard A. Scheele, Surgeon General of the Public Health 
Service, said, “the use of potentially hazardous chemicals has greatly increased, and many new 
products not covered by the agreements have been introduced. It is therefore necessary to 
reappraise current needs and to take new steps to meet today’s problems.” 

Commending the work of the Manufacturing Chemists Association through its Labels and 
Precautionary Information Committee, Dr. Scheele indicated that the Public Health Service 
endorses the principles of labeling as set forth in Part I of Manual L-1, “Warning Labels,” 
published by the Association. 

“The identification of potentially hazardous materials through proper, uniform labels is 
vital to the public health,” Dr. Scheele stressed. “State regulatory agencies have been looking 
to the Manufacturing Chemists Association and the Public Health Service for the development 
of guides. Through the reactivation of a Public Health Service advisory committee to the 
Manufacturing Chemists Association and other agencies, we hope to provide effective safeguards 
where they are needed.” 

This labeling program, Dr. Scheele indicated, has been developed for bulk packages of 
chemicals intended for commercial use and in no way affects the provisions of the Federal 
Caustic Poison Act, which applies to some caustic and corrosive chemicals intended for house- 
hold use, or the Federal Food, Drug, and Cosmetic Act, which requires adequate warnings on 
the labels of all drugs. 


4 
2 
4 
H 
i 
i 4 
i 
4 
x 
380 F 


if this happened in your operation 


... would you be be Ready ? 


The best planned safety program can’t possibly safeguard employeés 
against all the unexpected hazards that may cause arrested breathing 
in industry today. Poisonous or suffocating gases from an undetected 
leak—electric shock—heart attack—heat exhaustion—a hard blow 
to the body—drowning—a fall—can, at any minute, bring a crisis 
like one of those pictured here directly to the attention of your 
department. Would you be ready? 

Industrial safety and health departments in increasing numbegs 
can answer “yes” to this question. They have found that the M.S.A. 
Pneolator, automatically supplying oxygen to the lungs at a pre 
selected pressure and amount, “breathes” for the victim . . . aids 
full recovery. There is no suction cycle. Exhalation takes place by 
the normal passive return of the respiratory muscles. 

NOTE: The first few minutes after breathing has ceased are the 
most critical. Manual artificial respiration should be started and 
continued until the Pneolator is in use. 


Youre better prepared 
with an MSA PNEOLATOR 


| MINE SAFETY APPLIANCES CO. 


f Braddock, Thomas and Meade Sts. 
Pittsburgh 8 


74 Bronch Offices in the United States and Canoda 


« 
Ore, SSS a 
SAFETY 
job is to help you. a 
(32 


Pharmaceutical Division 


RESULTS COUNT!...1. Superficial Fungous 
Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


Desenex: 


Ointment and powder of ZINCUNDECATE 
Solution of UNDECYLENIC ACID 


Cures average case in one to three weeks 


WALLACE & TIERNAN PRODUCTS, INC., Belleville 9, N. J., U.S.A. 


M. A. Archives of NEU ROLOGY 


to those 
informed about 
these fields. 
clinical 


the rapid progress 
It presents original articles, 
notes, special articles, 


notices. Each 


issue includes a 


For a Better Understanding of 
Nervous and Mental Diseases 


A. and 
PSYCHIATRY gives practical assistance 
readers who would keep well 
in 
soc iety 
transactions and book reviews and book 
large 


AMERICAN MEDICAL ASSOCIATION 


number of brief digests from current 
medical literature which present signifi- 
cant findings of eminent neurologists and 
psychiatrists throughout the world. Well 
illustrated. Issued monthly. Averages 
about 2730 pages annually. Price, $12.00 
a year. Canada, $12.40. Foreign, $13.50. 


535 N. Dearborn St., Chicago 10 


commercials — no sales chatter 
but o wealth of informative data that should prove 
invaluable to you and your company throughout 
the future. 


LIGHTFOOT SCHULTZ COMPANY 


663 FIFTH AVENUE, NEW YORK 22, N. Y. 
Send your free Question and Answer Soap Date 


State 


www 


Health 


Bad Habits in Good Babies. Herman M. Jahr. 16 pages. 
15 cents. 


What Does Your Baby Put in His Mouth? Chevalier 
Jackson and Chevalier L. Jackson. Tells how to pre- 
vent accidents from choking and what to do if they 
happen. 24 pages. 15 cents. 

Keeping Your Baby Well. 


22 pages. 15 cents. 


The Case of the Crying Baby. Herman M. Jahr. 4 pages. 


15 cents 


What to Do About Thumb Sucking. 


6 pages. 15 cents. 


William I. Fishbein. 


Lefthandedness. Paul Popenoe. 8 pages. 15 cents. 


Adoption. W. Allison Davis and Theo Carlson. An 
understanding discussion of the best ways to adopt 
children and rear them. 12 pages. 15 cents. 


Protecting Your Child from Allergy. William Gayle 


Roberts. & pages. 15 cents. 


The Facts About Sex. 
15 cents. 


Audrey McKeever. 16 pages. 


Please remit with order 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. © Chicago 10 
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Quantity prices 
quoted on request 


AMERICAN MEDICAL ASSOCIATION ty Margaret Bell 
535 North Dearborn Street 


BOOKLETS 


@ FOR YOUNG PEOPLE 


Parents will find the help they are seeking in this modern series 


of pamphlets by Dr 
and teacher 


Thurman Rice 
as well as the 


Being a physician, biologist 


father of a family, Dr. Rice is well 


equipped to deal with this diffleult subject properly and helpfully 


THOSE FIRST SEX QUES- 
TIONS 

For the parents of very young 

children. Answers to the grop- 

ing questions of the littlest 


40 pages. 25 cents 


Their role 
morrow. 44 pages 


THE STORY OF LIFE 

For boys and girls ten years 
of age, telling them how the 
young plants ¢ letic 
human parents. 36 25 

cents 


IN TRAINING 


interpreting thetr 
development 
come to 


50 pages. 25 cents 


HOW LIFE GOES ON 
For girls of high school age For 
as mothers of to- 
25 cents a untt§ for 


in terms of ath- 
and other achievements 


THE AGE OF ROMANCE 


young men and women 
with the problem as 
both sexes 44 


25) cents 


dealing 


pages 


For boys of high school age, 
adolescent 


25¢ each 
Set of five 


in file case, $1.25 


@ FOR ADULT READING 


SEX EDUCATION FOR THE PRE- 
SCHOOL CHILD 
By Harold E. Jones and 
Read. 12 pages. 15 cents 
SEX EDUCATION FOR THE TEN 
YEAR OLD 
By Marjorie Bolles 
SEX EDUCATION FOR THE ADO- 
LESCENT 
By George W Corner and 
Landis. 20 pages. 15 cents 


Katherine 


12 pages. 15 cents. 


Carney 


Als THE FACTS ABOUT SEX 
é By Audrey MeKeever To be read by 
parents or children 16 pages 15 cents 
ANSWERS TO PRACTICAL QUESTIONS 
ON MENSTRUATION 


pages 15 t 


cents 


Chicago 10, Ill 


SEX EDUCATION FOR THE MARRIED 

COUPLE 

By Emily 
15. cents 
SEX EDUCATION FOR THE WOMAN 

AT MENOPAUSE 

By Carl J. Hartman. 12 pages 

Set of 5 titles as above, 50 cents 


GETTING READY FOR MARRIED LIFE 


By Howard Dittrick. 29 pages 20 cents 


Hartshorne Mudd 12 pages 


HELP FOR CHILDLESS COUPLES 
By 


Wassersug. 6 pages. 15 cents 


THE WORD YOU CAN'T SAY (MAS- 
TURBATION) 
By Hannah Lees 


& pages. 15 cents, 
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prompt and 
prolonged 
decongestion 
in COLDS 
SINUSITIS 


Neo-Synephrine hydrochloride, through immediate and prolonged 
decongestive action, not only restores nasal patency, but also 
helps to reestablish and protect the physiologic defense mechanisms 

BR of the nasal cavity: sinus drainage and aeration. 

Neo-Synephrine hydrochloride is notable for its relative freedom 

from sting and for virtual absence of compensatory congestion. 

Furthermore, it does not usually produce systemic side effects such 

as nervous excitation, cardiac reaction or insomnia, 


The decongestive action of Neo-Synephrine hydrochloride is undi- 
minished by repeated use—insuring relief throughout the dura- 
tion of the illness. 


4% solution (plain and aromatic), 1 oz. bottles 


'2 and 1% solutions (when stronger vasoconstrictive action is 
needed), 1 oz. bottles 
12% water soluble jelly, % oz. tubes 


Neo-Synephrine 


HYDROCHLORIDE 


New Yorn 18, N.Y.  Winosor, Onr. 


Neo-Synephrine, trademark reg. U.S. & Canada, brand of phenylephrine 
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